A LABORATORY COURSE IN 


ELECTRONICS 


T. RAMALINGOM 
University Service and Instrument Centre, 
Madurai Kamaraj University, Madurai 


P. RAGHUPALAN 
Electronics Fabrication Facility. 
Vikram Sarabhai Space Centre. Trivandrum 


A 


AY 


% 


OXFORD & IBH PUBLISHING CO. 
New Delhi Bombay Calcutta 


© 1980, T. Ramalingom, Р. Raghupalan 
Second Printing 1985 


ISBN 81-204-0057-7 


Published by Mohan Primlani for Oxford & IBH Publishing Со., 
66 Janpath, New Delhi 110001 and printed at 


Chaman Offset Printers, Suiwalan, Darya Ganj, Delhi 110002 


Reap АЦА 


n 


FOREWORD 


Engineering practice is based on the application of one or 
more of the following tools: 

(i) Mathematical analysis 

(ii) Laboratory or field experiments 

(iii) Engineering judgement 

Experimentation and the use of inductive reasoning provide 
the most important means of understanding nature and finding 
truth. Experimentation helps. not merely in verification, but-also 
in gaining new insight and understanding. Laboratory practice 
in an educational institution must aim at educating and training - 
the student in the effective use of the experimental method in 
solving problems. 

Inthe recent years, reasonably good textbooks, that deal 
with analysis and design in Engineering .and Technology, have 
been published. Good books on Laboratory practice are the 
desideratum. Viewed from this angle, this book on Laboratory 
Course in Electronics is а welcome addition and a valuable 
contribution. 

The authors are instrument/electronic engineers and are 
associated with such major institutions of learning/research as 
the Central Instrumentation Luboratory, Madurai Kamaraj 
University; and the Vikram Sarabhai Space Centre. They are 
well prepared, in terms of their theoretical preparation and 
practical experience, for undertaking a job of this nature. 

The book attempts at giving a comprehensive Laboratory 
Course on Electronics. It contains fifty-four kinds of circuits, 
chosen carefully on the basis of their practical and professional 
importance. Besides giving a procedure for conducting experi- 
ments, the students are given some insight into the basic princi- 
ples and design considerations for furthering their knowledge 
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through deeper studies. The book also deals with various kinds 
of instruments used in electronics laboratories. 

It is my considered opinion that this book is a valuable 
addition to the literature on laboratory practice and will be 


quite useful for both the teachers and the students in acade- 
mic institutions. 


Director of Technical Dr. V.C. KULANDAISWAMY 
Education, Tamil Nadu 


(On deputation to the UNESCO, 
Colombo) 


PREFACE 


This book has been written to satisfy the needs of engineering 
colleges, polytechnics and other technical institutions which are 
offering courses in electronics and electrical engineering. This 
is an attempt to give comprehensive knowledge to the students 
on laboratory course in electronics. This book contains carefully 
chosen 54 different kinds. оҒ circuits of high practical and pro- 
fessional importance. The practical approach dévoid of theory 
misses the point by failing to satisfy the basic human curiosity, 
So, besides giving a procedure for conducting experiments, the 
students are given some insight in:o the basic principles and 
design consideration for furthering the knowledge through 
deeper studies, A separate part on various kinds of test and 
measuring equipments used in the electronics laboratory is also 
dealt with. The authors are highly indebted to Dr. У.С. 
Kulandaiswamy, Director of Technical Education, Tamil Nadu 
(on deputation to the UNESCO, Sri Lanka) for his Foreword 
on this book. 

The cordiality and thoughtful suggestions of the staff of 
Oxford & IBH Publishing Company are gratefully acknow- 
ledged. 


T. RAMALINGOM 
P. RAGHUPALAN 
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PASSIVE DIFFERENTIATOR CIRCUIT 


Theory 
A very short time constant RC or RE circuit works as a diffe- 
rentiator. Such à circuit differentiates the input square wave 
ors are frequently referred to as high 


into pulses. Differentiat 
pass filters. The word differentiation refers to rate of change, 
slope of curves, speed, acceleration, etc. The process of differen- 


tiating an equation results in another equation called the deriva- 
tive. In an RC differentiator circuit the voltage across the resistor, 
er can be seen on а СКО. Differentiation accuracy improves with 
shorter time constant through the reduction of resistance in RC 
circuit, to the minimum practical values, Similarly in a short 
time constant RL circuit waveform across the inductor gives the 
derivative of mathematical expression for the current in the 
circuit. Rectangular waveforms are converted into spike voltages 
which are used as triggers for other wave shaping circuits. For 
non-rectangular waveforms, the differentiator generates different 


shaped waveforms. 


From the charge equation of capacitance we know that 


О = CV where y із the voltage across the capacitor C. For a 


small change іп Q, we can write the equation as AQ — CA Үс. 
t, the time interval in which these 


If we divide both sides by А 
small changes take place, we get the expression: AQ/At = C. 
AVc/At. 
Expression for current is Ог. That is i = C.AVc/At. Voltage 
across the resistor R = RC SV c/At. Since RC = T, 
stor er = Т.Ас/А1. 


Voltage across the resi 
Thus the differentiator voltage is the product of circuit time 
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constant and rate of change of capacitor voltage. Similarly for 
RL circuit of short time constant, the differentiation action 
comes across the inductor, Writing the voltage cquation for 
inductor, we get о = L.difdt but i = dO/dt. 

Therefore diJdt is a derivative of AO/At. 

If the current is the rate of change of movement, then, dildt 
is the acceleration of the movement. The instantaneous voltage 
across the inductor er is dependent on the rate at which the cur- 
rent is changing. Dividing the equation ez = L.dildt by R, we get 
ег = Т.В. аа! where T = L/R. Thus we find the differentiator 
voltage is the product cf circuit time constant, resistance and the р 
rate of change оГ current, Thus RC circuit differentiates the 
voltage across the capacitor and RZ circuit differentiates the 
current through the inductor, \ 
Objective 

To study AC differentiator circuit. 


Experimental Set Up 
Equipments needed 


І. Square wave generator— 1 No. 
2. Oscilloscope—1 No. 


Components required 
l. Capacitance of suitable y 


; alue (0.1 mfd)—1 No. 
2. Resistance of suitable val 


ue (1 kilo ohm) —1 No. 
Procedure 


Rig up the circuit as shown in the Fig. 1.1. Feed from the 


Fig. 1.1 
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positive and negative going pulses of equal amplitude. Observe 
the shape of the pulses. Vary the PRF of the input signal and 
observe the shape of the pulses. Find out the optimum PRF of 
the generator ta obtain well-differentiated pulses. For different 
values of Rand C repeat the experiment. 


Review Questions 
1. Study the impact of a higher PRF on the shape of the 
pulses and give the reasons. 
tor across tlie. capacitor 


2. What is the effect of leakage resis 
on the wave shape at the output? 
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PASSIVE INTEGRATOR CIRCUIT 


Theory 


Integrator circuits are known as long time constant circuits. 
They are sometimes referred to as low pass filters. Integrator 
circuits perform the summing up action. In an RC circuit, the 
voltage across the capacitor gives the integrating action and the 
voltage developed across the resistor in the RL circuit gives the 
same phenomenon. Writing the current equation in the capacitor 
we get, ic = AQ/At. That is AO = icAt. But the voltage across 
the capacitor ус = O/C. An addition of a small charge, О, 
results in a change of voltage vc in the capacitor. 

That is, Аус = AQJC. That is, the capacitor voltage rises with 
сусгу increase іп the charge. Mathematically putting, 
ус = ДС ficdt. 

That is, the ус is the measure of the sum of all charges stored 
in the capacitor. 

For the RZ integrator circuit, voltage across the resistor LR, 
Jg = Ш/К at any moment. Fora small change in current, the 
change in voltage Лук = Aix А. The rate of change of current 


for а short duration can be written as А//А7. This can be equat- = 


ed as di/dt = y,/L. The current at any instant will be the sum of 
all the small current changes. Therefore, the instantaneous 
voltage across the resistor уд = 1/Т|ус.Ф. That is the voltage 


drop vz is the measure of current changes as a result of induced 
voltage vz. 


Objective 
To study the integrator RC circuit. 


| 
f 
i 
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Experimentel Set Up 
Equipments needed 
1. Function generator—1 No. 
2. Oscilloscope—1 No. 
Components required 
:1. Capacitor of suitable value (0.1 mfd)—1 No. 
2. Resistor of suitable value (10 kilo ohms)—1 No. 


Procedure 

Make the ‘corrections as рег the details shown іп Fig. 2.1. 
Feed a:square wave of amplitude, say, 5 У, and observe the 
waveform across the capacitor. Vary the PRF of the function 
generator and see the wave shape. Note down the PRF at which 
the output waveform is as good a triangular waveform as possi- 
ble. Repeat the experiment for different values of Rand C and 
note the PRF for different time constants. 


FUNCTION 
GENERATOR | ёп = Cour 


Fig. 2.1 


Review Questions 
1. How does the circuit behave for higher time constant than 
the PRF of the input ? Sketch the waveform. 
2, What is the effect of increasing the value of the resistor for 
a same time constant from that of a previoüs value ? How 
does the amplitude of the waveform change ? 
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TIME CONSTANT CIRCUIT 


Theory 
Electrical behaviour of resistance, capacitance and inductance, 
accounts for the wave shaping properties of linear circuits. They 
are generally of series connected RC, RL and RLC combina- 
tions. The shape of purely sinusoidal waveforms is not altered 
by linear wave shaping circuits though amplitude and phase 
relationships are modified. But waveforms like rectangular, 
Square, sawtooth, etc., are modified by such circuits. The extent 
of such alterations depend upon time-constant (T) and the 
shape of applied signals. For example, a step voltage . applied to 
the series RC network will produce initially a large current 
because of the characteristics of the capacitor to lead the current 
over the voltage. This large initial current causes a voltage drop 
across the resistor in the opposite polarity, As the charge in the 
Capacitor increases, the counter emf across the capacitor also 
rises, If the level of the applied step voltage persists, the rate at 
which the capacitor continues to charge reduces with time. The 
‘ applied voltage is countered by capacitor voltage. | J | 
j i 

Objective 
„То study RC and AL series circuits characteristics. 


Experimental Set Up 
Equipments needed 
1. Square wave Benerator—1 No. 
2. Oscilloscope —1 No. 
3. Impedance bridge—1 No, 
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Components required 
1. Suitable values of resistor, capacitor and inductance. 
2. Resistor 100 ohms, 1 kilo ohms, 10 kilo ohms and 100 
kilo ohms. - 
3. Capacitor 0.01 mfd, of low leakage resistance type. 
4. Inductor 30 mh (RF Choke). 


Procedure : 

Measure the values of R, L and С using an impedance bridge 
and record. their values. Measure the dc resistance of the 
inductor. Compare the values of time constants for RC and RL 
circuit combinations. . Time constant. T = RC or L/R+Rag: . 
After making the connections as shown in Fig. 3.1, feed a 


SWG 


Fig. 3.1 

signal from a square wave signal Benerator at a constant ampli- 
tude of, say, 2V,, and observe the voltage waveform across the 
capacitor in the oscilloscope. From the observed 'waveform са1- 
culate T (time taken for charging the capacitor to 62.3% of the 
maximum value) Comparé this against the theoretical value 
calculated above. Vary the PRFin the $quare wave generator 
and note the time constants as explained above, Repeat the 
experiment for different time constants by varying the resistance. 

Rig up the circuit as shown in Fig. 3.2. Observe the waveform 
across the inductor in the oscilloscope and compute thé. time 


Fig. 3.2 
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‘constants as explained in the above paragraph. Repeat thc 
experiment as in the case of RC circuit. 


Review Questions 
1. Find out the optimum PRF for a waveform across the 
capacitor. 
2. Increase the PRF over the optimum value and observe the 
waveform. Éxplain the reasons for the distortion in-the 
waveform. 


| 
| 
| 
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DIODE CHARACTERISTICS 


Theory 4 : 
Junction diodes biased in the forward direction exhibit rela- 


tivelylow resistance, EJI equals а few ohms. Diodes biased in 
the reversed direction exhibit high resistance, E/7 equals hundreds | 
"of kilo ohms or even mega ohms depending upon the material 
used for the construction of the diode and the construction 
method. That is, the diode works as a switch on in the forward 
direction and off in the reverse direction. Important considera- 
tion is whether the majority or minority carriers produce the 
current across the diode p- junction. The junction is manufactu- 
red with p and » materials having predominantly majority 
carriers. Still there are a few minority carriers also — present 
in the junction. This minority carriers account for small currents 
in the reverse biased condition. Forward bias produces large 
majority carrier currents. Thus forward bias can be considered 
as closed or on switch. Reverse bias can be regarded as an open 
switch. У 
At high switching speeds, capacitance effect becomes very 
important in semiconductor diodes. This results in ‘miller effect’. 
The unbiased diodes will dave a net charge of zero on both 
sides of the р-п junction. Application of forward bias causes 
drift of carriers across the junction. The rate of carrier charge 
flow is proportional to the potential applied across the diode. 
The characteristic оҒ an ideal diode is shown in Fig. 4.1 (a). 
This curve shows the ideal characteristics. The practical diode 
characteristics is as shown in Fig. 4.1 (b). 
In Fig. 4.1 (b), the forward current starts increasing in a non- 
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Fig. 4.1 (a) scan qu) 


linear fashion and the rate of increase is negligible till a small 
voltage. This voltage is called the ‘barrier potential’, This means 
that the diode starts conducting only if the potential applied D 
beyond the barrier potential. The rate of increase of current 15 
very high when the input voltage exceeds this barrier potential. 


Objective 
To become familiar with diode characteristics. 


Experimental Set Up 
Equipments needed 
1. VTVM—1 No. 
2. Mullimeter—1 No, 
3. Variable DC source —] No. 
Components required 
1. Protection Tesistor—1 No, 
2. Diode—1 No. 


Procedure 


Choose a typical diode for the 
Sheet, note down the mated current and the maximum reverse 
voltage applicable for the 


calculate the vaiue of forward re 
Before making reverse bi 


modified as shown in Fig. 43. 


ды. 


DIODE CHARACTERISTICS 13 


x 


A 


VARIABLE AC 
SOURCE V 


VARIABLEDC 
SOURCE 


"Fig. 4.3 


in the multimeter for reverse current measurements. At least 
make six measurements between zero and reverse breakdown 
“voltage and record the same, Construct a graph of current versus 
voltage. Use ordinate as current scales such that one scale unit 
for forward biased current has ten times the value of the reverse 
biased current. Plot abscissa voltages, using scales such that 
one unit reverse bias has ten times the value of the forward bias. 


\ 


Review Questions ; 
1. Graphically determine the incremental forward conduc- 


tance for different currents. 


14 ” :А LABORATORY COURSE IN ELECTRONICS 


2. Whatisthe approximate turn-on valtage for germanium 
and silicon diodes 2 What are the reasons for these values 
being different ? 

3. What are the reasons for higher reversc currents in a diode ? 

4. Is thc conductance of a diode in the forward biased condi- 
tion dependent on forward current ? 
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RECTIFIER. CIRCUIT 


У 


Тһеогу 

The active circuits of electronic equipments operate оп dc 
voltages. These voltages are derived from the conventional ас 
line voltages using power rectifiers of suitable ratings. Power 
supply performance has got a direct bearing on the quality of any 
equipment. Therefore, it is nccessary to understand the different 
types of rectifications possible to provide good dc potentials. 
Broadly the rectifiers can be classified into (i) half wave rectifier, 
(ii) full wave rectifier with central tap and (iji) bridge rectifier. - 
Half wave rectifier shown іп Fig. 5.1 conducts for only one half 


Fig. 5.1 (a) ; 
' vof the supply voltage and discharges during the other half of the 
waveform. Because of this, there is a great deal of ripple voltage 
in the output and hence stability is poor. 

From Fig. 5.1 (b), it is obvious that the condenser starts dis- - 
charging from the moment the supply voltage starts falling from 
the peak. This continues till time 7» when (һе supply voltage 
goes towards positive peak. During the period T; to 7, the con- 
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OUTPUT 1 


v "m 


N, / А 
VA—RSECONDARY VOL. 


| 
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-- | 

САР DISCHARGE 


Fig. 5.1 (b) 


denser gets charged upto the peak value. During the negative 
half of the cycle, peak inverse voltage developed.across the diode 
istwice the peak supply voltage. In order to use a,diode as а 
half wave rectifier the minimum reverse voltage capability of 


The full wave rectifier shown in Fig. 5.2 is an improvement 
over the half wave rectifier. Here both the half cycles are recti- 


1 
the diode should be twice the peak supply voltage.. | 


fied by the diodes D; and D; and the ripple voltage is reduced 
to a minimum. The peak inverse voltage of the individual diode 
is only half that of the half wave rectifier. In this type of recti- 


fiers, Secondary transformer has to be wound for twice the 
voltage with a centre tap. Hence one more winding in the trans- 


former is required. This is amply rewarded in terms of improved 
performance, 


Another version of rectification using a single winding in the 


Secondary transformer is possible by using a bridge rectifier. 
Here four diodes are connected in the form of a bridge as shown 
in Fig. 5.3. The current directions are shown with the arrow 
marks. When the potential а) is positive, the diode D,. conducts 


charging C, completing the circuit through the diode 
During the other half of th 
through the diode Ds, 
rectifier over half wav 
ripple content over the latter, The х 
wave rectifier is twice the line fre 
wave rectifier is same as the line fre 


Dj. 
е cycle, conduction takes place 
C, and D,. The advantages of full wave 
е rectifier is that theformer has low 
sipple frequency of the full 


quency whereas that of half 
quency, 


RECTIFIER CIRCUIT ACT, 


Objective , 
То study the characteristics of rectifier circuits. 


Experimental Set Up 
Equipments needed 
1. Multimeter—1 No. 
2. Transformer with a centre tap secondary of suitable 
current rating—1, No. 
3. Oscilloscope—1 No. 
4. Rheostat—1 Хо. 
Components required 
1. Diodes—4 Nos. 
2. Condenser of suitable voltage rating—1 No. 


Procedure 
Wire the circuits as shown in Figs. 5.1-5.3 one after the other. 


Give the power connections and note the dc output voltage 
using a multimeter. Using an oscilloscope, find out the ripple 
voltage. Vary the load and repeat the above observations and 
note the difference in the ripple content and output voltage for 
various load currents. Change the value of the condenser and 
repeat the experiment to study the performance of the rectifier. 


D1 


Fig. 52 (b) 


18 “А LABORATORY COURSE IN ELECTRONICS 


Fig. 5.3 (b) 


Review Questions 
1. Compare the theoretical average value of the half wave recti- 
fier output and compare the same with the observed value. 
2. Why should the P/V of a half wave rectifier diode. be 
twice that of the supply voltage ? 
What is the theoretical average value оГ the output voltage 
for the full wave rectifier and compare the same with the 
Observed values ? 


^4. Discuss the advantage of the bridge type rectifier over а 
full wate rectifier circuit. 


8: 
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ZENER DIODE CHARACTERISTICS 


Theory 

Zener diode is designed primarily for operation in the break- 
‘down region. It is by this parameter that zener diodes of a given 
family of ‘typed’ and likewise breakdown voltage becomes a very 
important design parameter when used in circuit applications. A 
‘reverse voltage applied across the diode with necessary protective 
resistor causes the diode to enter the breakdown or high reverse 
current region. The specification sheets of the zener diodes refer 
this breakdown voltage as У. or Es. ` 

Referring to Fig. 6.1, it would be easy to note V as the voltage 
at the exact point of transition. For several low voltage zener 
diodes as shown in Fig. 6.2, sharpness is not very much evident. 
For curvés 1 and 2in the figure it would be hard to say just 
where the knee really is. Zener diodes are available with break- 
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Fig. 6.1 
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down voltages from 2.42 to 200 volts. Normally low voltage 
diodes with V, below 6.2 volts are made by alloy junction 
process and those having V. of 6.8 volts or higher are usually 
made by diffusion process. The resistivity of the material used 
in making different breakdown voltage zener diodes is different. 
We may expect some substantial variation іп the breakdown 
characteristics as is evident from the curves shown in Fig. 6.2. 
The breakdown voltage of a zener diode will vary with tempera- 
ture. The temperature coefficient of zener breakdown is negative 
for low voltage below 6.0 volts and positive for higher voltages. 


Objective 
To find the breakdown voltage and effective resistance of the 
zener diode. 


Experimental Set Up 
Equipments needed 
1. УТУМ or Multimeter—1 No. 
, 2, Variable de source—1 No. 
3. Ammeter--1 No. 
Components required 
1. Protection resistor—1 No. 
2. Zener diode-—1 No. 


denn -—— 
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Procedure 


Find out from the data sheet the [ET -breakdown voltage of 


the zener diode. Letit be V,. Let the variable source voltage 
be Vg. The value of Vg should be greater than V.. Find out the 
minimum zener current for breakdown, 7, minn Then calculate 


Rmax equal to 25 - Vary the input voltage from zero and 
za min 


measure the values of V. and /. from the meters. Continue this 
till the voltage shown in the meter corresponds to typical break- 


R 


VARIABLE DC SOURCE 


Fig. 6.3 


down voltage. Note the values of JZ.. Vary the input voltage 
‘further such that 7- does not exceed the maximum rated value 
and note down the values of У, and 7,. Immediately turn. off the 
. voltage to.a lower level to protect the zener from damage. Draw 
a curve with variable input voltage as abscissa and the zener 
current as ordinate, From the graph calculate the breakdown 
and effective resistance of the zener diode as explained in 


Fig. 6.4. 
%) 
DCCHASLOPEJZ4 
Ve ora! Vax 


Fig. 6.4 


e: Questions 


Za 


. How does the zener action take place ? 
5 What is the reason for the temperature coeflicient of the 
diode to spread over positive and negative regions ? 
3. How does dynamic resistance in a zener diode behave in 
the breakdown region with current ? 
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TRANSISTOR CHARACTERISTICS 


"Theory 


The static characteristic 
_ Steady-state relationships am 
voltages. These curves are о 
"These Characteristics en. 
description of transistor 
The characteristic сугу 
the transistor operation. 
Six variables comprised 
Shown in Fig. 7.1. 


curves of the transistor define the 
Ong its input, output currents and 
btained through DC measurements. 
able graphical design procedures and 
performance under nonlinear conditions. 
68 constitute the basis for understanding 
The transistor, a 3-terminal device, has 
of three currents and three voltages as 
Since any two currents or any two voltages 


=p Я ма іс 
E e-- --ес 
~ vee n Г 
7 : BB 


Fig. 7.1 


determine the third respective quantity, the act 
variables reduced to four. Thus with t 
two of the variables, the others can be det 


ual number of 
he knowledge of any 
егтпіпей, 
Objective 

To determine the ‘common-base 
teristics of a transistor. 


/ 


and common-emitter charac- 


Experimental Set Up 
Equipments needed 
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1. „Опе variable power supply 30V/1A—1 No. 
2. One variable power supply 5V/1A—1 No. 
3. Ammeter 0-100 ma—1 No- 
4. Ammeter 0-1 ma-—1 No. 
5. Voltmeterf0-30V—1 No. 
Components needed 
1. Test transistor (low power) of suitable voltage and 
current ratings. х 
2. Resistors—2 Nos. 


Procedure : 
Give connections as shown in Fig. 7.2 for common-base соп- 
figuration. Choose a carbon film resistor of value 100 ohms, 


VEEo-5v 


VARIABLE 
+ 


p месе nta 
O-30v 


Fig. 7.2. 


3 W for R, and a carbon film resistor of value 500 ohms. + № 
for Rə to limit the current excursions in the circuit. Vary Vig so 
that Је is arround 2 та. Adjust Vcc to get Vcg as zero, Note 
the value of Veg. Keeping Vcg as zero volt, уату Je by varying 
Vee and note the values of Veg and Ге. Repeat the experiment 
with Vcg as one volt for Ге in steps of 2 ma. Draw а graph con- 
necting Jz and Veg for different values of Vcg. Adjust Vgg so 
.that Zg is zero. Vary V cc and note Vcg and Ic. Vaty Veg so that 
Tg isabout 2 ша. Vary Усс from zero io a suitable value and 
note the values of Vcg and Jc. Repeat the experiment for Zp in 
steps of 2 ma. Draw a graph connecting Vcg and Го for different 
values of Jz. 

Give connections as shown іл Fig. 7.3 for common-emittor 
configuration. Choose a carbon film resistor'of value one kilo 
ohm, } W for Ri anda carbon film resistor of value two kilo 
ohms. { W for Ra to limit the current excursions in the circuit, 
Adjust the value of Vcc so that Vez is zero. Vary Vga and note 
Уве for different values of Is. Repeat the aboye experiment 
for Vcg is equal to опе vol. Draw a graph connecting 7s and 


е 
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PROTECTIVE 
RESISTOR 
E d, 
0 30V. 
a VARIABLE 


~ Fig. 73: 


Vee for different value of Vcr. Vary Vgg so-that Тв is, say, 10 
micro amperes. Vary Veg in steps of 5 volts and note Vcr and 
Ic. Repeat the experiment for different values of Љ in steps of 
10 micro amperes. Draw a graph connecting Vcg and Гс for 
different values of 75. ы 


Review Questions 
1. Add the base and collector currents and compare it with 
the emitter current and explain the reasons for any devia- 
tions. 
2. Is the value of Are constant with variation of collector 
„current ? 
3. Does collector current depend on Voz ? 


Í 
| 
І 


LEAKAGE CURRENT OF TRANSISTOR 


Theory 

When a transistor is connected with emitter cpen circuited and 
а reverse potential across its base-collector junction, there can 
bea leakage current Гсво flowing in the junction. This current 
changes with temperature, doubling its rate for every 10°C rise. 
When the transistor is connected in the common-emitter mode 
with base open circuited, both the emitter-base and base-collec- 
tor junctions are involved in the leakage current. Assuming that 
leakage current Jcgo flows іп the emitter base junction then the 
Same current first flows from base to collector. Due to the cur- 
rent gain of the transistor, the total leakage current Icco = Topo 
(1-0) where £ is the current gain of the transistor. 


Objective 
To find the leakage current of the transistor. 


Experimental Set Up 
Eqvipments needed 
1. Power supply 30V/1A—1 No. 
2. Ammeter—1 No. 
3. "Thermometer—1 No. 
4. A brass block with a heating coil to mount the 
transistor. 
Components required 
1. Transistor (germanium and silicon) 
2. Oil to immerse the transistor. 
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Procedure A 
Insert the transistor in the brass block. Take a little quantity 
of oil in a small container and insert the container in the hole 
provided in the brass block and immerse the thermometer in the 
‘oil. Give connection to the transistor in the common-base con- 
figuration. Switch on the supply voltage to the transistor (suitable 
voltage may be selected depending upon the ratings of the 
transistor). At the room temperature note down the leakage 
current. Then heat the oil and note down the leakage current 
for every 10°C temperature rise. This can be repeated upto 70°C 
for germanium transistors and зро 100°C for silicon transistors: 


Fig. 84 Еш 82 
EATING: COIL CLOSE FITTINGHOLES FOF 
| [THERMOMETER & TOE AER 
: 


Fig. 8.3 


Repeat the experiment for the common-emitter configuratio? 
and record the leakage current With rise in temperature, Plot the 
graph, temperature versus leakage current for both the transis- 


tors. The variation of а with respect to temperature can be obtai- 
ned in the following manner, i 


1 
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From the common-emitter readings and eodeni readings 
we can find out the value of 8 fora particular temperature and 
« can be computed by using the above equation. 
Review Questions 
1. What causes the leakage current in a transistor ? Д 
2. Discuss Ше reasons for higher leakage current in a germa- 
nium device. 


тә 
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TRANSISTOR BIASING 


"Theory Е", 
- Proper biasing of a transistor is а prerequisite for proper opera- 


tion iu the circuitry. This means thatthe emitter-base junction 


of the transistor should be forward biased and the collector-bas¢ 
junction reverse biased. Бога particular use that (һе transistor 


has to be biased to provide the necessary quiescent current 


and voltages to suit trouble-free operation. The value of the pias 
current chosen depends upon circuit components. The selection 
of these components should be such that the transistor is neither 
in the saturation condition nor cut-off condition /when the 
application is amplification. There are different sways of biasing 
the base of a transistor to suit various ctiteria, viz., single resis- 
tor bias, voltage divider bias, voltage feedback bias, etc. The 


‘stability factor to the various circuits differ and hence depending 


upon the requirements of this factor in the circuit performance 
biasing is chosen. The single resistor bias is the simplest of ie 


_ biasing techniques. This circuit has a built-in instability. Voltage 
_ divider bias is more prevalently used circuit when stability facto! 
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is of prime criterion. Tbe emitter resistor; when added, improves | 
the stability much better. When temperature stability is the pur- 
pose, voltage feedback bias is resorted to. Circuit shown in 
Fig. 9.1 is an example of single resistor bias configuration. The 
bias current flows through the resistor Ry and then to the base. 
Depending upon the collector current required, the R, is chosen. 
For a collector current of 10ma and a- supply voltage of 10V, 
the base resistor R, is calculated in the following manner, The 


4 Collector current 
base current required =—Garrent amp. factor | Ale} 
10 j 
Assuming a 9 of 40, I, = > = 250 на. . 


2 Усе Уве 10-07 _ 39k 
R= 55954 = 39 КО 

4 dcc 10 
Collector resistance К, = aay la 


=1KQ. - 


Multiplied leakage current in this type of set-up and its high. 
sensitivity result in bias point instability. 

Circuit shown in Fig. 9.2 is an example of voltage divider - 
bias, This arrangement provides reasonably constant base voltage 


Fig. 9.2 


with temperature and serves as a stabler circuit arrangement. For 
a collector current of 10 ma, the values can be calculated as 
"follows. For the same set of assumptions as in the previous ex- 
periment, the base current required is 0.25 ma. There is a voltage 
drop across Re. Taking the value of R. to be, say, 100 ohms, the 
drop works out to be 1 volt. The base voltage, therefore, should 
bea minimum of 1.7 volts. Considering Thevenin’s equivalent - 
circuit for the base junction and making reasonable assumption 
of current drain in the chain R,— Re, Re can be calculated to be 
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of the order of 680 ohms and A, 


around 3.3 kilo ohms. Thc 
x Vee-— (LR. Ver f 
value of R, is EE CR Ves) = 8.8 kilo ohms. Due to 
temperature variation Vae changes resulting in change in the 
bias current and the 


load current. The emitter resistor R, and 
the bias resistor А, and Р. change in the voltage 


» take care of the 
in reducing the effect of bias current and restoring stability. 
n in Fig. 9,3, though gives a low 


The circuit arrangement show 
Stabitity factor S, it gives a greater versatality in performance in 


Fig. 9.3 


- higher temperature. The biasing if done from the collector. 


instead of from the Supply point, whatever voltage variation takes 

place at. the collector gets reflected in to the base resulting in a 

Corrective action. For example if the voltage increases at the 

collector then there is a corresponding change in the base cur- 

Tent, to bring the collector voltage back to its original value. For 

a collector current of 10 ma and R of 100 ohms, the voltage 
- drop across №, is 1 vòlt. Base Voltage is 1.7 volts, 


Collector voltage is Рсс--(Рсе--1,8,), For a Ver drop of 1 volt. 
collector voltage Vc is 10—2 =8 volts. 


= EE 7 25 kilo ohms, 
10— 
R, "Um 200 ohms, 


Objective 


To determine the dc current and Voltages in different bias 
circuits and study their behaviour, ! 


— е гілі ыы 


e 


^e uw 
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Experimental Sct Up 
Equipments nceded 
1. Power supply 20V/4A —1 No. 
2. Milliammeter 0-50 ma, dc—2 No. 
3. Miliammeter 0-10 ma, dc—1 No. 
4. Voltmeter 0-15V, dc—1 No. 
Components required , 
1. Transistor CIL 531 ог equivalent—1 Nos. 
2. Resistor 100 ohms 10% {+ W—2 No. 
3. Resistor 200 ohms 10% 1 W— 1 No. 
4. Resistor 680 ohms 10% } W—1 No. 
5. Resistor 1 К. ohm 10% 3 W—1 No. 
. Resistor 3.3 k. ohms 10% 2 W—! No. 
. Resistor 8.8 К. ohms 10%  W—1 No. 
. Resistor 25 К. ohms 10% + W—1 No. 
. Resistor 39 К. ohms 10% 3 W—1 No. 


/ 
т 


worn 


Procedure 
Rig up the circuits shown in Figs. 9.1-9.3. Measure the 


collector current Ja, emitter current 7,, base current 7), collector- 
emitter voltage Vcg and tabulate for all the circuits as explained . 
above. Change the value of Агапа study the behaviour of the 


circuits 


Review Questions 
1. From the data obtained, calculate the actual value of fg 
for the transistor used. 
2. Calculate the theoretical values of quiescent currents 4, Г. 


and 1,. 
3. Compare the theoretical and experimental results. 


е 


BIAS POINT 
UNDER рс 


Theory 


STABILITY OF 


A TRANSISTOR 
CONDITIONS 


The current flowing ; 


mgin a transistor is mai 
rity carriers, Howe 


nts a 
sing Circuits, 


еге is an additio. 
» This is j 


ТӘ линг me E ———— ч НЬ e 


BIAS POINT STABILITY OP.A TRANSISTOR $5538. 


Experimental Set Up 

Equipments needed - 

1. Power supply 30V/1A—1 No. 
- 2. Milliammeter 0-500 ma—2 Nos. 

3. Milliammeter 0-50 ma—1 No. 
4. Infrared lamp—1 No: 

Components required 
1. Transistor AD 149 or equivalent—1 No. 
2. Resistor 150 ohms 10% 2W—1 No. 
3. Resistor 22 ohms 10% 2W —1 No. 
4. Resistor 1 К. ohm 10% 3 W—1 No, 
5. Resistor 220 ohms 10% 3 W—1 No. 


6. SPDT—1 No. » 
7. DPDT—1 No. < QU 
Procedure 


Wire the circuit as shown in Fig.19.1. Supply 15 volts dc. 
Observe the collector current. If the current shown is above 400 
ma, immediately switch off the power supply. With the emitter 
switch 5; open, note the base current and its direction. Reverse 
the switch S» and note the current. This current is the leakage 
current Icgo. $ 4 зі рас 

Close the emitter switch S, and reverse the polarity of the 
meter connected іп the base lead. With the supply on, note the - 


“values of the three currents. Reduce the value of Rz to75 ohms ~ 


by parallelling 150 ohms resistor. Note the readings once again. 
Due to the presence of the emittor resistance R, and due to the 
low values of base biasing resistors, the circuit will remain fairly 
stable. / À: 

A change in temperature will affect the collector current. The 
transistor should be warmed by using the heating lamp. As the 
temperature goes up, determine the amount of change in the 
collector current and leakage current. The placement of the lamp 
should be such that the transistor does not get excessively heated 
up. Forthis, the lamp may be placed about 340 ^ cms away 
(this depends upon the voltage of the lamp). The heating should | 
be done for about 5 minutes but the duration may have to be 
increased if the transistor is placed in good heat sink. With the 
lamp moved away, note the values of Ic and Гсво quickly and 
simultaneously (to read cgo; S, should be temporarily opened. 
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~I5v 0-50тА 


Усс 


/ 
R2 0 50mA 
$2200 Ge)o.sooma 


о- - 


Бір. 10.1 


This change in Icgo is due to the change in Ico ofthe transis- 


tor) The two sets of readings of Іс апі Icgo determine the 
stability factor 5 using the formula 


Alc R,4-Rg RR 
= Alo RERO тауға Is) Rp Where Ар ==. 
After cooling off for a period of, 
above experiment for 
lity of the circuit, the 
keeping the ratio sa 
ohms and R, to 140 
-of Ic antl Tego, 
ambient and at ele 
this case also and 


be reduced 
1 Can be reduced to 680 
interested in the values 


pc - ана 
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Review Questions қ 
1. Explain why the milliammeter in the base should be 


reversed ? 

2. Determine theoretically the quiescent values of base and 
emitter currents. Explain the difference between the obser- 
ved and theoretical values, if any. 

3. Discuss the factors involved in keeping the stability factor 
of the transistor stage to acceptable values. 4 

N 
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SMALL SIGNAL COMMON-EMITTER 
TRANSISTOR AMPLIFIER 


Theory 


Common-emitter amplifier is widely used in electronic circuits 
for amplification purposes- Transistors being a current E 
put resistance of the transistor amplifier is low. Large 242224 
- capacitors must be used for good frequency OE d 

good phase shift performances at Jow frequencies. kun 
common-emitter amplifier is designed for the ru en 
tions. (i) Frequency response 20 Hz to 100 ee I SIS 
resistance 4.7 kilo- ohms, (Ші) Input ardegeiata ду ра 
біз) Voltage gain 20, (v) Source characteristic impedance ( 
ohms and (vi) Supply voltage + 15 volts. Choose а npn transis- 
. tor having good gain band width products. One such transistor 
is CIL 531. This is used in this design. This being a silicon 

transistor, it has got good temperature Stability, 
The collector resistance Re is chosen for a collector current of 
1.5 ma, The drop across R 
dc voltage at the collecto 
the transistor depends on tl 
mate value of input resist 


in 


base current required 


is 12.5 ma, The drain current in the bias circuit could be 5 times 
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the base current for reducing the loading effect. Choosing a 
drain current of 62.5 ma, the value of (Re+R;) will be 240 kilo 
ohms. Base voltage at P is 1.5 volts. This means the value.of. 


К; EOK Rork This works out to be 24 kilo ohms. A 
сс : я 
Practical value of 27 kilo ohms is chosen. The capacitor С, is 
chosen to be as 0.1 mfd. 
Objective 5 
To détermine the frequency response, voltage gain and input 
and output resistances of the common-emitter amplifier. 


Experimental Set Up 
Equipments needed 
1. Oscilloscope—1 No. 
2. Sinewave oscillator—1 No. 
3. Frequency counter—1 No. 
4. Power supply 30V/1A—1 No. 
5. Variable resistance box—1 No. 
Components required 
1. Transistor CIL 531 or equivalent—1 No. 
2. Capacitor (electrolytic) 50 mfd/15V—1 No. 
3. Capacitor (polyster) 0.1 mfd—1 No. 
4. Resistor 470 olfms 10% 2 W—1 No 
5. Resistor, 4.7 K. 10 K, 27K, 220K, 10% 2 W—1 No. 
each. 


Procedure yi 
Give connection as shown in Fig. 11.3. Set the oscillator out- 
Put around 10 milli volt at 10 Wz. Measure the same using an 
Oscilloscope and note down the values. Measure the output of 
. the amplifier after connecting the oscillator to the input of the 
amplifier, Keeping the oscillator output' at a constant value of 
10 my, vary the output frequency from 10 Hz upwards in suitable 
Steps of frequency upto 120 kHz. - In each of the voltage setting 
and frequency setting note down the output of the amplifier in 
the oscilloscope. Draw a graph connecting the frequency on the 
Voltage gain (voltage gain A=Voupu: /Vinpur). 
Find out the —34B point from the graph (—3dB point corres- 
Ponds to the gain at 0.707 of the mid band gain). Frequencies 
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Veco 


Rload 


R4 


Fig. 11.3 
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between the —3dB points correspond to frequency response of 
the amplifier. Connect a variable resistance box in Series with 
the oscillator and vary the resistance till the output reduces to 
50% of its value before the resistance box was introduced for a 
constant input of 10 mv at 1 kHz. Note the value of the 
resistance in the resistance box which corresponds to input 
impedance of the amplifier. Remove the load resistance and 


the variable resistance box from the circuit. Note down the ` 


output voltage of the amplifier for an input of above-mentioned 
quantities. Then connect the resistance box in the place of load 
Tesistance and vary its resistance till the output voltage comes 
down to 50% of its open circuit value, This value of the resis- 
tance in the resistance box corresponds to the output impedance 


of the amplifier. a f 
Repeat the experiment for different gains by varying the valuc 


of collector resistance Rc. 


Review Questions 
1. Explain the alpha cut-off frequency of the amplifier, 


2. How does the supply voltage variation affect the amplifier 
performance. 


Р — 
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EMITTER FOLLOWER 


"Theory 


Emitter follower is Very useful circuit widely used fo: TUE 
dance matching. Emitter follower has got high EU acd 2 
and very low output impedance. This UR MEL 
the input and output stages of. multistage i NETT | 
has got good stability, A typical circuit is shown g. 


| - 
Fig. 124 (a) ^ 


Fig. 121 (b) 
The <ircuit shown in Fig. | 
collector current of 1 ma, Vee of 10 V. 
Исс=20 V, Assuming tha 


t Jg is alm 
Voltage Vz is 10 V, Therefore Re-Vg| 


2.1(a) can be analysed for a 
» Stability factor 5-5 and 
Ost equal to Ic, emitter 
Te=10 К. ohms, 


1 
Ig = 1-0 "t bc)cao 1 
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If we assume the value of рс as 100 and J, ili 
transistors, the value of 7cgo is negligible), Ty о OA 

T. Ret+R WEEE 
Stability factor SSi ERE where Ар. is the Thevenin's 

' Врс+1 
equivalent resistance in the base circuit, Substituti 
S, Rp = 42 k. ohms. Base emitter voltage IA ae 
transistor varies from 0.5 V to 0.7 V. Assuming a typical value 
of 0.5 volt, we get Veo in Fig. 12.1 (b) as Ve-+Vpe=10+-0,7 
Vea is therefore equals to 10.7 V. a 
Rp=Ry.Ro/[Ry4-Ry- 
i Rof Ry + Ro X Vec m Va 
Therefore Ro] А, Re Va[Vcc-10.7/20, i.e., the approximate 
value оГ R, and Rp are 77 К. ohms and 93 К. ohms respectively. 
А жа. Met Rore +R) 6 

Input impedance Фе TB) RL 
Since Re/1+8> Rz, Zi =+?) (ret Re) where r, is the emitter 
resistance of the transistor. From the diode equation r, is 
approximated in ohms in the following manner, r, (in ohm) 
is equal to 26 mv//, (ша). 

In the circuit Re is far greater than rẹ. This leads us to the 
equation of input impedance, ?із“(1-- ) Ке. From the circuit 
value Z; = (12-100) x 10 kilo ohms. Thisinput impedance reali- 
sed in the circuit is much less tban the theoretical value because 
R, is smaller and comes in parallel to the input circuit, 

1 


The output impedance Z= - 


Objective 
To determine the voltage gain, frequency response, input resis- 


tance and output impedance of the emitter follower. 


Experimental Set Up 
Equipments needed 
1. Oscilloscope--1 No. 
2. Sinewave oscillator—1 No. 
3. Power supply 30V/1 A—1 No, 
4. Frequency counter —1 No. 
5. Variable resistance box—1 No. 
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Components required 

1. Transistor CIL 532 or equivalent —1 No, 

2. Resistance 10 k, ohms 10% 1 W—1 No. 

3. Resistance 80 К, ohms 10% 4 W—1 No. 

4. Resistance 100 k. ohms 10% 4 W—1 No. 

5. Capacitor (Polyster or mica) 0.01 mfd—1 No. 


Procedure 


Rig up the circuit as shown in Fig, 


12.2. Keep the sinewave 
oscillator output at 1 V around a freq 


uency of 1 kHz and moni- 


+15у 


pared to theoretically 
2. Explain the reason for the voltage gain to be less than 
unity, 


calculated value. 
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DIRECT COUPLED AMPLIFIER 


Theory 
Direct coupled amplifier can only be the answer for very iow 


frequency applications. Advantages ofthis amplifier circuit are 
that it does not limit the low frequency response or allows low 
frequency phase shift. Quiescent output voltages of the preced- 
ing stage provides input bias to subsequent stages. However, the 
feedback around several stages can lead the bias stability factor 
' S to less'than unity. A two stage direct coupled common emitter 
amplifier is considered. Transistors chosen are CIL-53] ог 
their equivalent. The supply voltage is kept at 15V dc. Making 
the following assumptions the design of the amplifier is carried 
out for maximum output. 
Let Tc, = 1 ma КЕ == К, 
ohms respectively. 
Ic, = 2ma Ce, = Cz, = 100 mfd. 


Using the approximate design procedures Рс, = Ic, X Ry, 
= 0.001 x 2200 


= 2,2 К. ohms and A, = 10k, 


This works out to be 2.2 V 

Рв, =Vr, +Ver —2:24-0.6—2.8 V. 

Усс = 15V 

VB, = Усс x Re[ Ri Ro- Д 

Ку + К, is approximately = 53.5 К. ohms. Since Rs is already 
chosen as 10 К. ohms, Rə becomes 43.5 К. ohms. Since there 
is no value in this range, a 47 k. obms resistor is chosen for this 
Purpose. The base current required — Tc,/8 = 1 ma/60= 16.6 
Micro amperes, Therefore, the bias arrangement will be in a 
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position to supply the re 
circuit, 
и Ges Re, = 0.002 x 2200 = 4.4 V. 
Vg, = 4440.6 5 ү | 
Re, can be determined in the following manner. 
Рсс--іс, X Re, + Vs, қ 
Ve, x Re = Vec— V, -- 15--5 
Ес, —.10 k. ohms 

"The choice of R 
the maximum out 
Үс, is, Vc, min. 


quired base current without loading the 


c, is based on the requirement 
put. The maximum swin 
= Vy. + Vcg min. 

Усе min. is the minimum volta 


for developing 
gin collector voltage 


Se across collector emitter of the 


stor operation and this is assumed 
chosen, 


= 44 4- ]— 54 V, 

arly cut off, Vc. max. is equal to 15 V. 

* тау swing from 5.4 volts 10 15 

level of 10,2 volts, The peak to peak 
nd the peak Swing is 4.8 Volts, 

Rc, x Ic, = 4.8 V, 

Re, = 4.8 У/2 ma = 


2.4 К, ohms, 
The circuit values are 


calculated as detailed above, 


Objective 
To Study the characteristics of direct Coupled amplifier, 


Experimental Set U, 
Equipments needed 


1. Audio Oscillator—| No. 

2. Power Supply 30 V/1 А-1 No. 

3: Oscilloscope or УТУМ--1 No. 
Components required. 

l. Transistor CIL 531 o; €quivalent—2 Nos 

2. Resistor 2.2 К. ohms 10% 3 W—2 Nos. 

3. Resistor 24 k. ohms 10% 3 W—1 No. 

4. Resistor 10 k. ohms 10% 1 W— Nos 

5 Resistor 47 k, ohms 1095 2 Wwe IN 

6. Capacitor 
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Procedure 
Connect the circuit as shown in Fig. 13.1 and insert the values 
of components as derived in the design procedure. Feed the 


Fig. 13.2 


signal of amplitude 100 my at 10 Hz and find out the output. 
Vary the frequency from very low value and determine frequency 
response. Find out the lowest frequency to which the amplifier, 
ig in a position to respond satisfactorily. Increase the value. of 
С, апа determine the lowest frequency. Find out input and 


output impedance of the circuit. 


Review Questions i 
1. Calculate the theoretical values of input and ‘output impe- 


dances of the amplifier and compare it with practical 
values, Explain their differences, it any. 
2. How the* stability of the dc amplifier is ensured-in the 


circuit ? 


14 


TRANSFORMER COUPLING IN 
AMPLIFIERS 


"Theory 


Transformer coupling between the stages of a 
amplifier gives some significant advantages and some 
ages. The advantages are (i) good bias stability, 
impedance matching for.optimum 
Of stages. The disadvantages a 
(b) relative high cost and weight, 


transistor 
disadvant- 
(ii) simple 
) isolation 


the required impedance 
R= Primary dc Tesista; 


9; = Source point ; 

h Point impedance, 
Ro = Secondary dc Tesistance, Vo 
1 


n= Primary/secondary tur 
Ту = Primary inductance, 


= Coefficient of Coupling of Primary to Secondary 


ns ratio. 
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KL; — Mutual inductance; primary to secondary. 

(1—K) L, = Leakage inductance, primary to secondary. 

Rr = Equivalent core loss resistor. 3 

Cy = Equivalent distributed capacitance referred to secondary 
winding. ; 

Analysing the low frequency response we сап write for а reason- 

ably efficient transformer of K approximately equal to 1, 


Fig. 14.2 


WL, (1— К) far less than i. At very low frequency, W being 
small, series, inductance may be neglected. In the same manner, 
the term Rz may also be ignored in-comparison with the re- 
actance of KL4. The capacitive reactance of Cy becomes very 


large and may be neglected. The simplified equivalent circuit is 


as shown in Fig. 14.2. Writing down the output and input vol- 
tage ratio and simplifying the relationship for the frequency where 
attenuation begins to level off with increasing frequency is 

In the mid-frequency region the equivalent circuit gets 
modified as shown in Fig. 14.3. Frequency response is flat in 


Fig. 14.3 


this region, which is generally useful operating region of the 
transistor amplifier. The high frequency region of the frequency- 
response curve is influenced by series inductor Г, (1—K). The 
shunt inductor KZ; offers very high reactance at high frequency 


and so is neglected. Equivalent circuit for high frequency condi- , 


48 LABORATORY COURSE IN ELECTRONICS 


tion is shown in Fig. 14,4, Neglecting capacitor Су, equivalent 


circuit gives the time constant L/R as 


IM 20 —K)n 


Қ? 152 Ro, Rim (R;, RO 
Corresponding frequency to this time constant is 
W Ro, Rin (i, + Ro) 
211-1014 


RESONANT PEAK DUE 
TO TUNING OF Cw 
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: R 
given by Lı = IIP Frequency response characteristic of а. 


transformer coupled amplifier is as shown in Fig. 14.5. 


Objective 
To find the frequency response of a transformer coupled 


amplifier. 


Experimental Set Up 
Equipments needed 
1. Audio oscillator—1 No. 
2. AC millivoltmeter or a СЕО-1 No. 
3. Power supply 30V/1A—1 No. 
Components required 
1. Transistor CIL 531 or equivalent—1 No. 


2. Suitable transformer—1 No. 

3. Resistor 10k. ohms 10% à W—l No. 

4. Resistor 5.6 k. ohms 10% 2 W—1 No. 

5. Resistor 10 ohms 1096 А W—1 No. 

6. Capacitor 25 mfd/I0V—1 No. A 
Procedure 


Vz = RFR’ іе., 5.6. = 
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* 


fixed as 10k, ohms, then R; = 5.6 k. ohms. For the lowest 
frequency of 10 radians/sec., time-constant RC should be 0.1, 
such that (Ж || Rs) С, = 


= 1/10. Therefore C, — 25 mfd. Connect 
the circuit as shown in the Fig. 14.6 and vary the input 
frequency from the audio oscillator, keeping thc amplitude 
. Constant at all the frequencies. Note the output voltage and draw 
the relationship between the input frequency and voltage gain, 
Ve (refer Fig, 145) 
i 


Review Questions 


15 


TUNED AMPLIFIER 


Theory 1 
Whenever it is required to amplify a narrow band of frequen- 


cies and reject signals of higher and lower frequencies, tuned 
amplifiers or narrow band amplifiers are used. A tank circuit 
using Z-C components is used as the load in the amplifier circuit, 
This parallel Z-C circuit is tuned to mid-frequency. Depending 
upon the band of frequency required, the О of the tank circuit | 
is chosen. An ideal tuned circuit is shown in Fig. 15.1. 


Fig. 15.3 


Fig. 15.1 Fig. 15.2 
Here L and С components аге considered as ideal, that is Z 
has по series resistance and C has infinite resistance across it. 
The Q or figure of merit of a coil is defined as the ratio of induc- 


y Xr T 
tive reactance to resistance. That is 0 — Re? where X; indi- 
cates the inductive reactance апа Л, that of the leakage resis- 


tance. This means in physical terms 5 

(0) energy stored in electric and magnetic field per cycle 
is energy dissipated per cycle 

The tank circuit as shown in Fig. 15.1 can be rewritten as іп Fig. 

15.2 for practical components values. The resistance shown in the 


Y 
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circuit is given by the equation RASTR +02), For OMA 

value of Q = 100 and R, = 10 ohms, R, will be approximate y 

equal to 100 kilo ohms. When a tuned circuit is loaded, the 

power transferred to the load can be determined by the equation, 
: ys Th? x R2 

Ру (ideal) = Rr = MUR 


Б ty 
Referring to Fig, 15.3 and assuming R, to be infinite, the 


Fig. 15.4 
power equation as shown abo 


R is the parallel combination of R 
Sutput resistance of a transistor 


ve is found effective, The value of 


» and Rr, where R, is the 
Stage. The circuit Q is 
i 
(СЕС суо Where Ga, 
(G,--Gr»-E Gr) xp А 


б, and С, represent the conduct. 
ance of R, 


o Ry and Rr. Tespectively, 
Objective 
To study the petformance of a tuned amplifier, 


Experimental Set Up 
Equipments needed 
1. Power Supply 30V/1A—1 Хо.” 
2. СКО No 
3. RC oscil 


lator—| No, 
Components Tequired 


ў 1. Transistor CIL 531 ог eqni 

j л ‘Quivalent— is 

2. Resistor 1 kilo ohm 10% 1 Wo Ro 
3. Resistor 4.7 kilo ohms 


10% 4 W—1 No, 
4. Resistor 10 kilo ohms 10924 s 
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5. Resistor 47 kilo ohms 10% à w-1 No. 
6. Capacitor (Polyster) 0.01 mfd—2 Nos. 


Procedure 1 
Connect the circuit as shown in the Fig. 15.4. The tank circuit 


is chosen for a mid-frequency of 100 kHz with a 0 of 100. The 
design of.the tank circuit is carried out as explained in theory. 
Vary the signal input around 100 kHz and measure the output 
in the CRO at half power points. Calculate the value of Q from 


centre frequency 
Sarasa 


the observations using the formula 0- » where 


fstands for the difference in frequency between the higher and 
lower half power points about central frequency. Compare the 
theoretical and actual values of Q. For different tank circuits at 
different frequency repeat the experiment and study the theoreti- 


cal and actual values of Q. 


Review Questions hiker 
1. Explain the impact of loading on the О of the tank circuit, 


2. How does the frequency limitation of the transistor affect 
the performance of this circuit ? 
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HIGH INPUT IMPEDANCE TRANSISTOR 
AMPLIFIER ; 


Theory 


Input impedance of a transistor amplifier is generally low. This 
causes loading effects on the previous stages, With suitable design 


technique a high input impedance circuit can be realised. For 
4 transistor havin 


ig the following specifications, Ji = 75 ohms, 
lo = 1x 10-9 mho, fi, = 10x 10:4 and hy = —0.98, a design 
is undertaken to achieve a 


n input impedance of 100 kilo ohms. 
The load to be fed is assumed to be 10 kilo ohms. 


Taking a 
Common-emitter configuration the various resistor values are 
calculated, From the expression for input impedance, 
ICER m Rion X Re+ 1 +h) 4-Nyp hj Rt 
1-І» (RL— Ry) н 
This is approximately equal to 3300 ohms. Therefore R, — 3225 


+15v 


Fig. 16.1 
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ohms. Fora collector current of ] ma, biasing resistances are 
calculated in the following manner. Since Jc is approximately 
equal to /g, the drop across R, is equal to 3.225 volts. Therefore, 
the base voltage should be 3.825 volts. Since В of the transistor 
is approximately 50, base current is 20 micro amperes. A total 
current of 200 micro amperes through Кі and А, (Fig. 1.61) 
will be sufficient to provide the base current without loading the 


circuit, Hence 4-- Re = Tee Fora Vcc of 20 volts, R,--Rs ` 
Vcc X Rs 


— 100 kilo ohms. Voltage Vg — VER) К and Re are 


_ chosen as 82 and 18 kilo ohms respectively. 


Objective 
To study the high input impedance amplifier characteristics. 


Experimental Set Up 
Equipments needed 
«Ie. Audio oscillator—1 No. 
2, CRO ‘or ac Millivoltmeter—1 No. 
:- 3. Power supply 30V/1A—1 No. 


Components required ] 
Transistor CIL 531 ог equivalent—l No. 


Resistor 3 kilo ohms 1096 2 W—1 No. 

. Resistor 10 kilo ohms 10% 4 W—1 No. 
. Resistor 18 kilo ohms 10% 4 W—-] No. 
Resistor 12 kilo ohms 10% 4 W—1 Nc. 
Capacitor (Mica) 1 mfd—-1 No. 


€ t» à QI -— 


Procedure à ) i 
Connect the circuit as shown in the Fig. 16.1. Find out the 


frequency response, input and output impedance as explained in 


the previous experiments. 


Review, Questions 4 f 
1. Compare the value of the input impedances obtained with 


the theoretical value. Explain the reasons for the differ- 


ences, if any. 
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` DIFFERENTIAL AMPLIFIER 


Theory 


Differential amplifier is widely used in instrumentation circuits. 
It is called as differential amplifier because its output voltage is 
Proportional to the difference of two voltages supplied to its 
two separate inputs. Two transistors are necessary for this. When 
the transistors are well matched, the output voltage taken bet- 
Ween the collectors, is independent of parameter changes of 
Changes in the value of leakage current of either of the transistor. 
Two inputs are shown as Уі and V, in Fig. 17.1. The circuit 
will amplify only if there exists a difference between the input 
voltages. When V; and V; are equal, that is when the inputs are 
common, an ideal amplifier should give zero output. This means 
that the common mode voltage is completely rejected at the 
output. For an ideal amplifier the c 


ommon mode rejection 
ratio (CMRR) should be infinite, Due to Various limitations 
Such as matching of the transistors, aging of the components, 
etc, CMRR cannot be achieved tothe near ideal condition. So 
a differential amplifier is considered to be good if the CMRR is 
above 80 dB. The advent of integrated circuit has helped in reali- 
-sing differential -amplifier with CMRR of 120 dB and more. 
Writing down the Kirchhoff "8 equations for the circuit, the out- 
put voltage V, can be written as у, — (Vi V3) 0.8, 

| 7 78.2 (6-1)ғ, 
and V, are the input Voltage shown in Fig. 17.1, ф is Ше ас 
current amplification factor of the transistor, Б, is the load 
resistance, R, is the equivalent lumped 


| 269 resistance of the generator 
and r, is the emitter resistance of the transistor. 


, where Vi 


E 
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Fig. 17.2 

A single power supply differential amplifier is given in Fig. 
17.2. The dc current under quiesecent conditions is adjusted 
around 1 ma, if necessary using the trimpot. The base bias 
resistors provide the necessary bias and base currents to keep the 
transistorin operating condition. When the transistors and the 
resistors are well matched the output measured across the collec- 
tors will be zero volt. The imperfections in the matching 
Of transistors could lead to a difference in the output even when 
e grounded or kept at zero. (By adjusting 
the emitter trimpot, the current in the transistors are slightly 
detuned to achieve the zero output condition. For example, if 
the value of of one ofthe transistors is more than the other, 


the input voltage ar 
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the collector curzent corresponding this transistor will be more 
than that of the other for identical bias conditions. Now by 
adjusting the trimpot, the emitter resistance of the transistor can 


be increased. This will result in the reduction of collector current 
corresponding to the transistor.) 


Objective 
To study the characteristics of a differential amplifier. 
" 


Experimental Set Up 
Equipments needed : 
1. Oscillators—2 Nos. 
2. CRO or ac Millivoltmeter—1 No. 
3. Power supply 30V/1A—1 No. 
Components required 
- Transistor CIL 531 (matched) or equivalent—2 Nos. 
. Resistor 470 ohms 10% 2 W—1 No, 
. Resistor 10 kilo ohms 10% 2 W—4 Nos, 
. Resistor 56 kilo ohms 10% 2 W—2 Nos. 
. Trimpot 100 ohms—1 No. 


tn OU) м — 


Procedure ` 
Connect the circuit as shown in Fig. 17.2 with the input 
points grounded, note down the output voltage. Adjust, if neces- 


sary, the trimpot to bring the output to zero, Feed a] kHz | 


signal input of amplitude 10 mv to one of the inputs with the 
other input grounded. Note down the output voltage. Find out 
the gain of the amplifier. Repeat the experiment keeping this 
input at the ground level and feeding these signal at the other 
input. Feed signal at both the inputs such that there is a diffe- 
rence of at least 10 mv between the inputs and note down the 
output. The above experiment can be repeated for different 
frequencies. 


Review Questions 
1. Calculate the common mode rejection ratio of the symme- 
Differential mode gain 
4 ifier. ЕКЕ D 
tric amplifier, {амыр Common mode gain 


2. Differential amplifiers are used as the input. stage of opera- 


| 
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tional amplifiers. In this function one of the differential 
inputs is used as a feedback connection and other as the 
signal input. Discuss the reasons for this. : 


. Discuss the effect of aging of components in the perfor- 


mance of the differential amplifier. 


NEGATIVE FE EDBACK AMPLIFIER 
Theory 


The concept of feedback is ga 
design to achieve higher stabili 


with the help of the block diagram Shown in Fig. 18.1. The 


Fig. 18.1 


block 4 denotes the amplifier and the block B denotes the feed- 
back network. The voltage relations can be Written down in the 
following manner: 


€ = ее (1) 
e= 4, (2) 
en = B e, (3) 


The voltage ez, is the signal feedback in the circuit. The new 
gain of the feedback amplifier, 4;, can be written as 


An = x na (4) 


` This means that th 
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А.е, 
= TAE 6 
Therefore, Ay = ae © 


The amount of feedback can be written in quantitative form 
using decibels, dB of feedback і 
1 
= іш» | =a 
= —20 log | 1—A8 | (7) 
The feedback is negative or degenerative when 11—481 «1. 


.When (1—48) is real. itmeans that 48 <0. The feedback is 


positive or degenerative when | 1—4$ | 21. When АВ =-+1, the 
closed loop gain becomes infinite. This means thatthe feedback 
amplifier goes into oscillation. Thus an amplifier employing 
feedback should be closely. examined forthe presence of any 


instability. 


A dA 
The fractional change in the gain can be expressed as Am 


Іп turn, this will cause а change im the gain of the feedback 


amplifier, which is denoted as ааа, . Differentiating the equa- 


tion (4), we get, 


An oue 
dA ^. ü-ABF 
A 15 4 


“(1-49 (1-49 A 


The fractional change сап be related as 
ара 8 
А» mE A ( ) 
e negative feedback reduces the effects of 
s the negative feedback stabilises the 
gain and-the positive feedback causes instability and oscillation. 
Similarly, it can be shown that feedback can alter impedance 


levels and frequency response. 


parameter variation. That i 


Objective 
To study the effects of negative feedback. 
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Experimental Set Up 
Equipments needed 
1. ac millivoltmeter—1 No. 
2, Audio oscillator—1 No. 
3. Decade resistance box—1 No. 
4. СКО--1 No, 


5. Power supply 30V/1A—1 No. 
Components required 


1. Transistor CIL 531 or equivalent—1 No. 
' 2. Resistor 4.7 kilo ohms 10% 2 W—1 No. 

3. Resistor 18 kilo ohms 10% 4 W—1 No. 
4. Resistor 47 kilo ohms 10% 4 W -1 No. 
5. Capacitor 8 mfd/10V —1 No. 

6. Capacitor 8 mfd/25V—1 No. t 
77. Capacitor 50 mfd/10V—1 No; - 

Procedure > 


Set up the circuit as shown in 


Fig. 18.2 and put the 
switch in the decade resistance box i 


n position 1 such that the 


A 
D 


Fig. 18.2 


ein the emitter circuit is about 4,7 kilo ohms. Feed a 
resistance 1 kHz from the audio oscillator and measure the out- 
signal o The level of the input is adjusted such as to overcome 
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any noice but small enough not to overload the stage, say, 
around 1 volt. By measuring the amplitudes of the signals-at 
input and output, determine the gain as &;/c;. Vary the input 
signal frequency and determine the frequency response, input 
impedance and output impedance as explained in the previous 
experiments. Change the value of the emitter resistance іп 
suitable steps and determino the above-mentioned parameters. 
Compare the characterstics for different feedback ratios from 


the above observations: 


Review Questions . 
oltage gain of the amplifier under-condi- 


1. Determine the v 4 
tions of no feedback and negative feedback. 
2. What effect the introduction of the negative feedback has 


on the linearity, of the amplifier 2 
How does the bandwidth ofthe amplifier with negative 


feedback compare with bandwidth of thc amplifier without 
feedback ? 


e 
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TRANSISTOR AMPLIFIER —SIGNAL 
LIMITATIONS 


Theory 


| The realisable gains—current, voltage or power—of any tran- 
sistor circuit is always less than that available from the transistor 
itself. This is because the external circuitry incorporated reduces 
the gain. In the common emitter circuit the reduction in the gain 
is as a result of the current division between the effective exter- 
hal resistance shunting the base lead and the Tesistance seen 
looking into the base of a transistor (generator resistance). 
Anotherlimitation in the transistor amplifier is because of the 
builtin limitations in the input signal conditions. That is the 
transistor cannot accept large amplitudes of signal. If the base 
Signal current is increased enormously, the collector will saturate. 
This will produce severe distortion at the Output signal of the 
transistor amplifier in the form of clipping. 


Objective 


To study the effects of base-emitter Circuitry on the gain of the 
transistor amplifier. 


Experimental Set Up 
Equipments needed 
1. СЕО--1 No, 
2. Power supply 30V/1A—1 No. . 
3. Audio овсШатог--1 No, 
Components Tequired 


1. Transistor CIL 531 .9r equivalent—1 No. 
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Resistor 470 ohms 10% 4 W--1 No. 

2 Resistor 3.9 kilo ohms 10% + W—1 No. 

. Resistor 4.7 kilo ohms 10% + W—1 No. 
Resistor 33 kilo ohms 10% à W—1 No. 
Resistor 100 kilo ohms 10% 2 W--1 No. 
Resistor 1 mega ohm 10% + W—1 No. 

. Capacitor (polyster or mica) 0.1 mfd.--1 No. 
Capacitor (electrolytic) 15У 40 mfd.—1 No. 


Vo 00 мс tà RO № 


Procedure 
Rig up the circuit as shown in Fig. 19-1. Keep the supply 
ote the quiescent voltage conditions at 


4.7k 


voltage as 15 volts and n 


Fig. 19.1 
er. Connect the audio oscillator and 


the collector, base and emitt 
2 kHz. Vary the audio oscil- 


keep the signal frequency at, say; 
lator output such that t 


he voltage across the 100 kilo ohms 


47k 


45v 


100К  o1mfd Wee! 


AUDIO 
OSR: 


Fig. 19.2 
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st 47k 


Fig. 19.3 


resistor is around 1 volt. Observe (һе output waveform in the 
CRO and note 


down its peak to peak amplitude for a good sinc- 
I5 
Wave. Calculate the gain using the formula 4 = —2 


the experiment for 
as shown in Fi 
and tabulate t 


Repeat 
different frequencies. Rig up the circuits 
E. 19.2 and 19.3 and repeat the above experiment 
he readings. 
Review Questions é 
1. From the data. find out the current gain for each of the 
j three circuits. 4 
Calculate. the approximate value of the Voltage gain for 
- cach of the circuit from the transistor parameter and values 
of the circuit components, 
3. What are the differences іп the performance of the three 
circuits ? 
4. What is the maximum input volta 
to the circuit sho 


ge which can be applied 
А Wn in Fig, 1 
output? 


9.3 for a distortion-free 
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FORWARD CURRENT TRANSFER. 
RATIO OF A TRANSISTOR 


Theory 
. Forward current transfer ratio ofa 
emitter mode of connection can be 


collector current to the base current. rect i 
considered, this de forward current transfer ratio is denoted by 


hre. When small signal currents are considered, the forward 
Current transfer ratio, under this condition isnot same 45 hre. 
For a particular valueof dc collector current, the ratio of the 
signal collector current to the signal base current, when the 


signal collector to base voltage is set to Zero, is defined as ac 
Current transfer ratio Ar» The forward current transfer ratio is 


dependent on many factors like the frequeacy of the signal 
current and the value of dc collector current. 


transistor in the common 
defined as the ratio of the 
When direct currents are 


Objective 1 1 кп ер 7 

To determine the common-emitter short circuit current gain 
Of a transistor and note its variations with changes in. frequency 
and dc collector current. 


Experimental Set Up 
Equipments needed — - 

1. Signal generator—1 No. 

2. Power supply 30V/1A—1 Мо. 

3. VTVM—2 Nos. 
4. 


Milliammeter 0-50 ma —1 No. 
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Components required > 
1. Transistor CIL 531 or equivalent—] No. 
2. Resistor 1 k. ohm 10% 4 W—2 Nos. 
. Resistor 3 k. ohms 10% 1 W—1 No. 


3 
4. Potentiometer (linear) 25 К. ohms—1 No. 
5. Inductor 100 mH, 25 ma—1 No. 

6 


- Capacitor (Electrolytic) 10 mfd/15V—1 No. 
Procedure 
Rig up the circuit as shown in Бір. 20.1. Keep the potentio- 


Fig. 20.1 


meter to its maximum resistance position. With the supply volt- 
age set to + 15V, switch on the power supply. Adjust the poten- 
tiometer so that a dc collector current of, say, 4 ma flows. Set 
‘the oscillator at frequency of 500 Hz and adjust the amplitude 
of the output of the oscillator so that the base circuit VIVM 
reads 0.2 volt rms. This indicates that the base signal current 
flowing through the circuit will be around 66 ma. Now read the 
voltage in the collector circuit VIVM and calculate the 
collector current dividing this by 


the collector resistance. 
Compute the current transfer ratio h,,. Vary the frequency, Кеер- 
ing the amplitude of the oscillator in Steps of 500 Hz. Enter the 


readings in a tabular form. Beyond 5 KHz, the step of the fre- 
quency may be increased to 5 kHz, 

Set the oscillator to a frequency of 500 Hz and reduce the dc 
collector current to its minimum value by adjusting -the potentio- 
meter and, if neccssary, by reduci 
ing the base circuit VTVM ге 
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Review Questions 
1. In what way does /jj, vary with collector current ? Do you 


find hy, fairly constant over any range of collector current? 
2. Can a low distortion small gain amplifier be designed 


using this transistor ? ? 
3. Discuss the reasons for the reduction of Bre with increasing | 


frequency and collector current. 
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LOW FREQUENCY RESPONSE OF A 
TRANSISTOR AMPLIFIER 


"Theory 


In the amplifier circuits, capacitors are used to bypass resistors 
and for coupling signal currents to the exclusion of direct cur- 
Tent. The values of the capacitors should be such that their 
reactances should be low even at low frequencies. The practical 
size limits the use of high value of capacitors in the circuits. 
. Because of this, there isa limitation to the low frequency res- 

ponse of a transistor amplifier. 


г 


Objective 


To determine the low frequency response of the transistor . 
amplifier caused “by various circuit elements, 


Experimental Set Up 
Equipments needed 
]. Audio oscillator—1 No. 
2. Power supply 30V/1A—1 No, 
3. VIVM—1 No. 
Components required 
1. Transistor CIL 531 or equivalent—1 No. 
2. Resistor 1.2 k. ohms 10% 1W—1 No. 
3. Resistor 2.2 k, ohms 10% 4 W—1 No. 
4. Resistor 4.7 k, ohms 10% 4 W—1 No. 
5. Resistor 5.6 k, ohms 10% 2 W-—1 No. 
6. Resistor 27 к. ohms 10% à W—2 Nos. ) 
7. Capacitor (Electrolytic) 150 mfd/15 V—1 No. 
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_ 8. Capacitor (electrolytic) 10 mfd/15 V—1 No. 
9. Capacitor (mica or polyster) 0.01 mfd—1 No. 
10. Capacitor (mica or polyster) 0.02 mfd.—1 No. 


Proceduré . um 
Rig up the circuit as shown іп Fig. 21.1 with С. shorted 


Fig. 21.1 
as 150 mfd, R; as 27 К. ohms. Set 
V at frequency of 1 kHz. lf a 


CRO is available, see the output waveform and confirm that the 
Waveform of the output is without any distortion. Keeping the 


output of the oscillator constant, note the output of the ampli- 
fier in the VTVM for frequencies from 1 kHz to, бау, 10 Hz in 
ne steps. Tabulate the readings. Repeat the experiment for 
= 10 mfd. ` 
Modify the circuit with Ce connected for 0.02 mfd, R, = 27 
K. ohms and C,=150 mfd. Conduct the experiment as explained 
Above. Repeat the experiment by changing C, with 0.01 mfd 
COndenser, To study the response of source resistance, change 
© valus of R, to 5.6 К. ohms, С: to 0.02 mfd and C,,to 150 
a Repeat the experiment. Plo 
€ cases, 


nd keeping the value of C, 
the oscillator output as 0.5 


t the response curves in all 


Беу; 
View Questions 


l. Find out the 
and compare. 


-3dB point from the curves in all the cases 
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2. Calculate the mid-band gain ofthe circuit for a source 
resistance of 27 k. ohms, taking other parameters from the 

data sheet for the transistor. 

Discuss the effects of the source resistance and coupling 


capacitor values on the low frequency response of tbe 
circuit. 
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HIGH FREQUENCY-RESPONSE ОЕ A 
TRANSISTOR AMPLIFIER 


Theory 


Generally when'a transistor is used as ап amplifier, the upper 
frequency response of the amplifier does not come up to the high | 
ч frequency response of the single transistor given in the data 
‘Sheet, This is because of the external circuitry incorporated in 
the amplifier circuit and also due to the ‘miller effect’. The 
Чррег frequency limit will. be lower than the bela cut-off fre- 
quency of the transistor used. Any capacitance present bet- 
Ween Collector and base of the transistor is detrimental in the 
high frequency gain because this capacitance reflected asa much 
larger equivalant capacitance appearing in parallel with input 
SIÉnal. This reflected capacitance offers а low resistance path 


to the high frequency signal applied to the base. 


Objective ” : 
А To study the effect of external circuitry оп the high. frequency 
“8Ponse of the common-emitter amplifier. 


Experimental Set Up 
Wipments needed 

P ошар oscillator—1 p 12 

* Power supply 30V/1 А-- 4 
3. VTVM EU AE frequency response)— 1 No. 
Ponents required 
1. Transistor SA 188 or equivalent—1 No. 
2. Resistor 1.2 k. ohms 10% 4 W—I No. 


Com 
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3. Resistor 2.2 К. ohms 10% 3 W—1 No. 
4. Resistor 4.7 k. ohms 10% 2 W—2 Nos. ^ 
5. Resistor 33 к. ohms 10% 4 W—1 No. 
6. Resistor 47 К. ohms 10% 4 W—1 No. 
.7. Resistor 100 К. ohms 10% 4 W—1 No. 
8. Capacitor (electrolytic) 25 mfd/15 У--1 No. 
:9. Capacitor (mica or polyster) 0.05 mfd—1 No. 
10. Capacitor (mica or polyster) 100 pfd—1 No. 
Procedure 
Rig upthe circuit with К аѕ 2.2 К. ohms and Rọ as 47 К. 
ohms and C,, removed. as „shown in Fig. 22.1. Set the supply 


Fig, 22.1 


voltage to — 15 V and switch on the ‘circuit. See if the circuit 
is operating properly Бу measuring the V., drop. The transistor . 
should neither be in the cut-off nor in the saturation region. 
Adjust the oscillator output to be 0.5 V and measure the same 
` with VTVM. Starting from a frequencey of 1 kHz and keeping 
theinput amplitude constant, measure the output using the 
VTVM in steps of 10 kHz. Make a tabular column showing 
the frequency and output parameters for a constant input, 
Add a 100 pfd in the place of C. and repeat the experiment as 


explained above. This experiment will give the effect of increased 
collector-base capacitance in the circuit. 
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To study the effect of increased load resistance, disconnect 
Ca, and increase the load: resistor to 4.7 k. ohms. Simultane- 
ously change №, to 100 К. ohms to prevent the transistor 
becoming saturated. Obtain the data of frequency and output 
for a constant input condition and tabulate. Draw the graph 
for all the three conditions and compare the frequency res- 


ponses. 


Review Questions 

1. From the graph determine the — 8 dB points. 

2. Calculate theoretically the upper 3 dB points taking the 
relevant data for the transistor from the data sheet. 

3. Explain the differences, if any, between theoretical and 
experimental upper —3 dB points. à ЗЕ 

4. Whatiole does the parameter hie Play in determining the 
upper frequency limit of a transistor amplifier ? 
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TRANSFORMER COUPLED POWER 
AMPLIFIER 


Theory 2 . 

Any amplifier driven by. large input signals to produce suffi- 
ciently large power to the load is generally called a power 
amplifier. The signal current and voltage swing vary widely 
about a quiescent point. This means that the transistor cannot 
be represented accurately by its fixed values of its parameters. , 
This is because, under large signal. conditions, the current 
amplification factor for example is not a fixed value. When the 
Object is to deliver large amounts of power to the load, a R-C 
type of coupling used in small signal amplifiers becomes very 
inefficient. Hence, a transformer coupling with all its attended 
limitations on frequency is the optimum choice for power 
Amplification. The efficiency of the transformer coupled amplifier 
is quite high and this varies with the type of amplifier like such 
as class A, class B, etc. 


Objective 

To investigate the properties of a transformer coupled power 
amplifier under class A and class B modes of ,operation and to 
find the efficiency of the amplifier. 


Experimental Set Up | 
Equipments needed 
1. Audio oscillator—1 No, 
2: Power supply 30V/1A—1 No. 
3. CRO—1 No. 
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4. ҮТУМ--І Хо. 
Components required 
1. Transformer with a suit 
say, 5kHz—1 No. } 
2. Output transforme 
3. Transistor 2 N 305 
4, -Resistor 10 ohms 1 
5. Resistor 100 ohms 10% 
6 
7 


able frequency response of,. 


r10:1—1 No. 

5 or equivalent—1 No. 
0% 1 W—1 No. 

à W—1 No. 

1 W—1 No. 


Resistor 100 ohms 10% 
; W—1 Хо. 


. Resistor 5 ohms 10% 10 


_ Procedure 


, 3 l 
Wire the circuit as shown in Fig. 23.1; Connect de voltmeter 


OUTPUT XMER 
101 4 


mM" e 


С 
AUDIO C) 
ü rj E 
"t 


Fig. 23.1 у . 


(VTVM) across the emitter resistor R, and turn om the dc 
o 15 V. The emitter voltage should 


Supply and raise its yalue t ns 

increase from 0.5 V to 0.7 V. If the initial voltage indicates an 
emitter current of value in excess of 0.4 A, the resistor R, may 
be increased to bring the emitter current to 0.7 A. After the 

4 transistor has warmed up, note the value of the emitter voltage. 


Operation as a Class A Antplifier 
^ Connect the vertical amplifier o 
mplifier, Switch on the audio oscill 


Ha say, 500 Hz position and the amp mm 
le Waveform in the CRO. If the waveform 15 distorted, reduce 


the amplitude of tbe signal source until a good sinewave is 
displayed on the CRO. With the VTVM іп 20 position measure 
! the Voltage input to the primaty of the input transformer and the 
j Output voltage across the load. Term them as Vin and Vou. 
n €asure the currents flowing in the resistor A; by opening the 


f a CRO to the output of the 
ator and keep the frequency 
litude at about 2V55 See 
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‘Tesistor and introducing the VTVM іп 
Similarly measure the base current ij, 
Output current %. Calculate the input and output power. Vary 
‘the frequency and record the output power and plot a graph 
between. frequency and output. 

Pis = Vin x current through R; 

"Post = Bout Xi, 


the ‘current mode. 
emitter current 7, and the 


- Power amplification factor = 


Connect in VIVM in the d 

ftom the power supply, say, Ip 
Power consumed — Vccx Ip 

А ТР, х 100. 

Percentage efficiency — — aa 
RON T pre 


Pos 
Pin 


с mode and measure the current 


` Operation as a Class B Amplifier 
Remove the biasing resistor Ry 
Power Supply. Keep the v 
at the output of the ampl 
Ше base, Sketch these wa 
the off condition, measur 
the CRO at the output a 
amplitude so that the 
Waveform. Repeat the m 
explained for сі 
different frequen 
output. Calculat 


from the circuit. Switch on the 
oltage at 15 V. Observe the waveform 
Шег, at the emitter of the circuit and at 
veforms, With the audio oscillator in 
е the dc voltage at the emitter, Connect 
nd switch on the oscillator. Increase the 
Output has only a positive half of the 
easurements of current and Voltage as 
455 A operation. Repeat the experiment for 
cies and plot a graph between frequency. and 
€ the power amplification factor and efficiency. 


Review Questions 


1. How the heat generated in the transistor can be removed ? 
Is it any important problem to think of cooling system for 
the power stage in the design ? 

2. What is the effect on the 
waveform and base volta 
removal of the biasing г 

3. Is it sufficient to use as 
Stage for amplification 


quiescent current? output voltage 
ge waveform, on account of the 
esistor R, ? * 


ingle ended class B power amplifier 
of audio sienals ? 


/ 
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PUSH-PULL TRANSFORMERLESS | 
CLASS B POWER AMPLIFIER 


Theory 

Class B amplifiers use І 
amount of collector junction h 
current flow in the collector lea 


ow bias currents and hence reduce the 
eating In class B operation the 
d of the transistor is for'one half 


of the cycle only. Two transistors ate therefore required to be 
wired in a push-pull circuit to obtain tbe complete waveform. 


Thé output transformerless bridge type circuit chosen for this 
experiment is a very flexible arrangement for power amplifica- 


lion.- 


Objective 4 Ж 
То study the operation and requirements of the brídge type 


push-pull class B transistor amplifier. 


Experimental Set Up 
Equipments needed ” 
1. Power supply 30У/1 
2. Audio oscillator—l No. 
3. VIVM—2 Nos. 
4. CRO—1 No. 
Components required 
1. Transistor SL 
2. Transformer with ca 
input of 2V—1 
3. Resistor 1 ohm 
4. Resistor 10 ohms 10% 


A—1 Мо. 


100 or 2N 697—2 Nos. t 
pability of 1.3 V and 5 V for an 


No. 
10% 2W—2 Nos. 
2W-—1 No. 
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5. Resistor 1 k, ohm 10% 4 W. 2 Nos. 
. 6. Resistor 1.2 k. ohms 10% 4 W--1 No. 
7. Resistor 10 К. ohms 10% 3 W—1 No. 
8. Capacitor (electrolytic) 100 mfd/20V—1 No. 
- Procedure 


Wire the circuit as shown in Fig. 24.1. With audio oscillator 


Fig. 24.1 


off, measure the dc voltages at the emitter of To, Vcg of T, 
and 75. In order to ensure that the input transformer will supply 


2 signals 180% phase opposition to the transistor bases, following 
Procedure may be followed, 


Wire the 6.3 V and 5 V windin 
Measure the Voltage across the series combinatio; 
2 V input from the audio oscillator. 1f the win 
phased, then, the. output should be only 1.3 V: Otherwise, it will 
be 11.3 V and one of the windi 
the phase; Connect this со 
former to the transistor ba: 


gs of the transformer in Series, 


increase the signal level of 
in the waveform, Stop the 


ТІ 
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increase at this point and 


* Supply and the 
reverse the phase of the wing; Y Y 
of 1 V rms su 


Pply from the oscillator, observe (һе waveform, 
Review Questions 
4, Calculate the maximum undistorted Output power. 
2. Calculate the quiescent collector dissipation for each 
transistor, 
3. Increase the voltage, say, 20 V and calculate the Possible 
power output. 


‘4, Can the emitter resistors be bypassed ? If not. why ? 


ms of the output for the normal орега- 
tion and incorrect phase operation, 


а 
[^2] 
ж 
8 
= 
S 
- 
= 
E 
© 
ЕЗ 
A 
б 
o 
m 
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OPERATIONAL AMPLIFIER 


Theory 


С 


_ Operational amplifiers have Sot very high open-loop gain of 
30 dB and above, high input 


impedance and low output impe- 
dance. They are widely used in analog computers for summing 
activity. This is a versatile type of amplifier because by using 
Suitable feedback circuits the characteristics of the amplifier can 
be controlled апа“ can be put to a wide variety of uses. A 
triangular symbol is used to represent the entire amplifier. In 
modifying the amplifier using negative feedback network, care 
Should be taken to sec that the feedback circuit 15 connected at 
the inverting input. The signal can be applied to any of the input 
terminals depending upon the required inpüt impedance of the 
amplifier. When the signal is applied to the non-inverting input 
of the amplifier, input impedance becomes very high at both the 
input terminals, because the feedback voltage is nearly equal to 
input voltage and the two voltages appear as common-mode 
input signal. Referring to Fig. 25.1, it is possible to calculate 8, 


the feedback ratio as eee - The gain of the amplifier there- 
"ic 7 


А > 1 
fore is reduced and the gain К, = z= R 
r 
K, 9-1. in M ur 
Тһе amplifier gain increases when the feedback resistance is 
connected in the inverting terminal. Figure 25.2 shows the con- 
nections given in this Way. The non-inverting input termina] is 
maintained at signal ground potential by capacitor C. The 
amplifier input current i, is very small compared to 4 and ip 


5 where 
1 
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NON INVERTING 
INPUT 


Tig. 25.1 


Therefore at the inverting node the current equation can be 
written as i, = i,. The input voltage is also very small at the 


inverting terminal of the amplifier. This voltage at this terminal 
lifer gain. This value will also 


is the output divided by the amp i TAS Ta 

be very small. Because of this low voltage at this point this level 
сап be assumed to be zero on comparing with the output voltage 
and driving point voltage. This point is called the virtual ground. 


Writing the equation for current we get, 


woe 
Tf Ry 
Since hi 
Vg dis 02 
RORIS UN 
Y нер 
а? 


Th 2 ee Vo I DUREE. 

е closed loop voltage gain А = y^ = RFR Á 
fieris considered as V, and the 
han the source impedance of the 
Và tt Rs 

8enerator, then, the voltage gain Ж” = y; — R^ 


- If the input voltage of the ampli 
Value of Еу is much higher t 
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Objective ў T 
To study the amplifier gain characteristics of thc operational 
amplifier. у е 
Experimental Set Ор 
Equipments needed 
1. CRO—1 No. 
2. Signal source—1 No. 
3. Power supply 30V/1A—2 Nos. 
4. дс microammeter—1 No. 
Components required қ 
1, Operation amplifier 741 or equivalent—1 No. 
2. Resistor 10 k. ohms 10% 4 W—-2 Nos. 
3. Resistor 100 К. ohms 10% 2 W—2 Nos. 
4. Resistor 680 К. ohms 10% 5 W—1 No. 


Procedure . 2 

Rig up the circuit as shown іп Бір. 25.1. Set the power 
supply voltages of both positive and negative exactly at 10 volts. 
Feed a sinusoidal signal of amplitude 1 volt at, say, 500 Hz, 
See the output in a CRO. Vary the input frequency keeping the 


amplitude of the signal constant. Note the frequency response of 
the amplifier. Connect a dc micr, 


( roammeter between the signal 
source and the input terminal and measure the input current for 
an input dc voltage of 1 V. 


Қ ig 
NON INVERTING 


Fig. 252 
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Rewire the circuit as shown in Fig. 25.2. Feed a signal of 
amplitude of 5 mV at the input and note the amplitude of the 
waveform оп the CRO at the output. Vary the frequency and 
study the frequency response of the amplifier. Vary the ratio 
of Ry and R; for higher gains and repeat the experiment. 
Review Questions 

1. Discuss the gain-bandwidth aspects о 

: amplifier. 
2. How the operat 
type of high gain amplifier 2 


f the operational 


ional amplifier is superior to a conventional 
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OPERATIONAL AMPLIFIER— AS 
SUMMING AMPLIFIER 


Theo: " с SIE 

ER of the uses to which the operational amplifier is often put 
to is in the summing of voltages. Writing the current equation 
at the input node, it is possible to write down 


the relation for 
Fig. 26.1 in the following manner: 
Ij is isis = iy (1) 
; y, 
But ijj = — 


R » Where V4 is the input voltage, (The input point 
1 
acts as a virtual ground.) 
(ES UE ған Vg Чанд 
Ig uti gh. = pe and pr 
V Y V. V, V, 
Therefore —2 — "1 | Ve у, 4 
; R; Ri + Re p R' R 


"p o 
Objective 


To study the Summing operation of the Operational amplifier. 


Experimental Set Up 
uipments needed 
1. CRO—1 No, 
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2. Power supply 30V/1A—2 Nos. 
3. Voltage sources—As many desired as the: number 
of inputs. 
Components required 
1. Operational amplifier 741 or equivalent —1 Хо. 
2.- Resistor 2.7 К. ohms 10% 3 W—1 No. 
.3. Resistor 10 К. ohms 10% 3 W—5 Nos. 
4. Capacitor (electrolytic) 1 mfd/20V—1 No. х 
5. Potentiometer 10 k. ohms (wire wound)—1 No. 


A 


Procedure 
' Rig up the circuit as shown іп Fig. 26.1. Set the voltages of 


RO OK ә RE 39k 


6 OUTPUT 


lomfd 


` Fig. 26.1 


the power supplies to +10 and —10 volts. Care should be taken 
for proper grounding. Connect the power supplies to the ampli- 
fier. With all the inputs grounded, see the output for any offset 
Voltage. Adjust the potentiometer for reducing the offset to zero. 

en feed the input voltage from the voltage sources to the res- 
“Ресііуе input points so that the input at any one point does not 
€xcecd-0.5 volt. See the output waveform.. Vary the frequency 
_ Of the source and note tlie output amplitude. 


` Review Questions 4 қ 
1. Discuss the frequency limitation of the summing amplifier, 


2. Whatis the maximum number of inputs that, сап be given 
to a summing amplifier ? 


~~ 
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PHASE SHIFT RC OSCILLATOR 


Theory ~ 
Feedback offers a very good 
into ап oscillator. When the fee 


< e loop gain at a 
greater than unity, Oscillations wi build 
ур Баса a teady State because Of the ar relation bet: 
»3 Ju in ар the signa] amplitude, Тһе Phase shift network ^ 
М, 55 as а high. 2 
blocked by the Capacitor so E Pass filter, Low frequencies are 
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Conditions, the loop gain and phase shift will be fulfilled and 
Oscillations sustained. A complete ac equivalent circuit of the 
Fig. 27.1 is shown in Fig. 27.2. 


Y I 
— — —+<—TRANSISTORS —4Ó— -- 
Fig. 27.2 (a) 


Fig. 27.2 (b) 


Writing the loop equations and comparing the real and ima- 
: , A 1 
Binary parts, it can be shown that 1? = C [ARRI F 6R] and 


hr = 234 29R 4 US where R is Ше resistance of the phase 
"RC Ri i ' 
Shift Network and Rz is the load resistance. For а value of 


€ «001 mfd, Rz = 5k.ohms and А = 1 К. ohm, the fre- 
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quency of oscillation is around 6 kHz and the /,, of the transis- 
tor required is a minimum of 49. 


Objective 3 

To study the phase shift characterstics of RC network and 
use the same in a phase shift oscillator for generating a sinusoi- 
dal output. 


Experimental Set Uo 
Equipments needed 
1. Power supply 30V/1A—1 No. 
2. Oscillator—1 No. 
3. Double beam CRO—1 No. 
Components required 
1. Transistor CIL 532 or equivalent—j. No 
2. Resistor 1 К. ohm 10% iW—3 Now r 
3. Resistor 5 k. ohms 2 W—1 No. 5 
4. Capacitor (Polyster) 0.01 mfd—3 Nos 


-Procedure 
Connect the circuit as shown in Fia RE SERT GAP 
у ve sioe signal o 


0.01 mfd 06i mfd 0.01 mfd 


FART ure the output dicta: orton analyser. 
distortion with the Waveform eee and compare the 
А е 


d in the CRO, Change the 


—- 
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45v 


5k отт! .otmtd O.oImfd 


OUTPUT 


Fig. 27.4 


values of R and C suitably for a 10 KHz and 15 KHz oscillations 
and repeat the experiment. 


Review Questions By 
1. With vector diagram discuss the phase shift introduced by 


a capacitor for any signal input. ота : 
2. Derive the relationship to obtain oscillation in a phase 


shift oscillator. : 
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COLPITTS OSCILLATOR 


Theory 


In the family of oscillators, colpitts oscillator using inductor 
and capacitors isa widely used circuit for reasons of stabilit 
of oscillation. In the colpitts oscillator the feedback is sa Hi ) 
from the junction ofthe split load capacitors to dieu E F 
transistor. When the feedback is sufficiently positive E det 
a атре сап be three different NEM 
Lei AS eT eT nes common-base, common-emitter 
EROS EGERIT 33 Уре of circuit requires minimum 
lator сот i only. Figure 28.1 shows a t ical il- 

connected in the common-emitter Сао al osc 


Figure 28.2 gi : 5 
E 8.2 gives the equivalent circuit for analysis, Writing 
р, o 


1 


endi ed 
[e Ton Dres 
3€s gs BG те; а) 


ED. чу x 
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hie ^ Jos 


Fig. 28.2 


For practical values of the parameters, the oscillator angular 
frequency, 4 - 
3 C Cs 3 

* —I(6469 2) 
This expression represents the resonant frequency of a tank 
circuit. with Z paralleling a series branch of С, and Cə. Equating 
the real part of the determinant we get, 


W 


lye, € 
тһе ~ С; (3) 
Where ^o Але = hu x hus hr Хуе (4) 


Objective ! 
To study the characteristics of a colpitts oscillator, 


Experimental Set Up 


Equipments needed ; 
1. Power supply 30V/1A —1 No. 
2. СЕО--І No. 


3. Frequency counter—1 No. 
Components required 

1. Transistor CIL 531 or equivalent—1 No. 

2. Resistor, 470 ohms, 4, 7. 18, 47 К. ohms 595-4 W—1 


No. each 
3. Inductor 5 mh—1 No. 
4. Capacitor 0.047 mfd—1 No. à 
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5. Capacitor 500 pfd—1 No. 
6. Capacitor 0.1 and 0.01 mfd—1 No. each 


Procedure 
Rig up the circuit as shown in Fig. 28.3. Give а +15 volts 


0.01 mfd 


5mH 


Fig. 28.3 


supply. See the waveform in the CRO, across the tank Circuit. 
“Measure the amplitude and frequency. Vary the Supply voltage 
slightly and observe the variation in the output, 


Review Questions 

1. Discuss the condition for oscillation. 

2. What is the advantage of LC о 
colpitts oscillator ? _ 


3. How does aging of transistor affect the oscillation ? 


scillator with reference to 


^ 
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CRYSTAL OSCILLATOR 


Theory 
Stable fixed frequency oscillator can be designed using a quartz 


Crystal in the place of conventional L and C. This is because the 


RATE circuit of the quartz crystal approximates an L.C. 
SUM, with a very high quality. factor 0. For good stability of 
Bowed GT cut crystalls are used. A typical oscillator circuit is 
Shown in Fig. 29.1. Crystals of different frequencies are avai- 
5v 


T Fig. 29.1 


lable ; 
ble in the market, Depending upon the requirements a suitable 


er A RAM 
Ystal can be chosen. The transistor used in the circuit should 
s to give sustained oscilla- 


als 
tio, пае the frequency capabilities 
Ns. Crystal oscillators аге widely used in the DVMs and digi- 
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tal frequency counters. 
be achieved using oven controlled crystals. 
Objective 


То study the crystal oscillator circuit. 


Experimental Set Up 
Equipments needed 
1. Power supply 30V/1A—1 No. 
2. CRO—1 No. 
Components required і 
1. Trasnsistor 2N 2369 or equivalent—1 No. 
2. Crystal 100 KHz—1 No. 
3. RF choke 6 mh—1 No. 
4. Resistor 150 ohms, 22 k. ohms and 100 k. ohms 
10% 1 W—1 No. each 
5. Capacitor 40 pfd, 100 
(polyster)—1 No. each 
Capacitor 0,01 mfd (polyster)—2 Nos. 


pfd 350 pfd, and 0.02 mfd 
6. 


Procedure 


Rig up the circuit as shown in Fig. 29,1, Keep the supply vol- 
tage at +15V and switch on the power Supply. ‘See the wave- 
form in an oscil 


t loscope, Determine the amplitude of the oscilla- 
fion: Calculate the frequency of oscillation from the waveform 
displayed in the CRO, 


Reviéw Question 

Discuss the frequenc ilisati i 

2 У Stabilisation techn i 
oscillator circuits, Bou, LE 


High degree of stability in oscillation can \ 


a 
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BISTABLE MULTIVIBRATOR 


"Theory 
The bistable multivibrator circuit with many variations find 


wide applications in digital circuitry like digital computers. 
Bistable multivibrator is known by many names : binary, flip- 
flop, scale-of-two, divided-by-two, and Eccles Jordan. Basically 
the flip-flop is an overdriven amplifier connected in the manner . 
as shown in Fig. 30.1. 41 and А are shown as two amplifiers. 


Vcc 


Fig. 30.1 

Because of the symmetry of the circuit the quiescent current in 
each of the amplifiers are the same, ie, 4-1. This extreme 
Case is possible when the devices are identical in all respects. 
€ practical consideration is that there should be minute 
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fluctuations in the current in onc of the amplifiers. If 7; in- 
creases, this voltage at the output Y, will decrease. This in 
turn decreases the input voltage at X». This change in,voltage at 
X. wil be amplified and inverted by 4, and fed to Ху. The 
voltage at Ху becomes more positive and this causes an increase 
in current Д. This Cycle of events repeat itself. The current 4 
Continues to increase while that 1 continues to decrease. The 
Circuit Progressively moves away from the initial condition. All 
this is due to regenerating feedback shown: in the circuit and 
this will occur only when the loop gain of the circuit is larger 
than, unity. The device which is on goes to saturation and the 
Other goes to cut-off. At this stage both the conditions are stable 
and the circuit remains in the stable state unless external trigger- 
ing is brought out change the state. Due to changes in tempera- 
ture and aging of components, the parameters of the device 
vary widely and will cause appreciable changes in the quiescent 
Point. In some cases a larger drift will cause the device which is 
jn the Operating region to be driven to cut-off condition, In such 
8 case both the devices in the binary are below cut-off and the 
Circuit become useless. Flip-flop circuits are constructed with 
components tolerances of the order of 10%. 

The circuit shown in Fig. 30.2 is a typical flip-flop. This out- 
Put from T, is coupled to the base of Tz through the resistance 


Fi 
x . Fig. 302 
E Ву 8nd the output of T; is coupled to the base of T, through 


Pared to Jp minimum requ 
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the resistanc Rp, - Initially assume that the current flowing 
through 7; is slightly more than that through 72. This causes a 
fallin voltage at the collector of T, which is transferred to the 
base of To. This negative voltage drives Т, to cut-off, raising 
the collector voltage of To towards Vcc. This voltage is fed to 
the base of T; through A, causing Т, to go to saturation. Thus 
T, goes to saturation and 75 to cut-off. These two states will be 
preserved until a negative pulse fed to the base T, to drive it to 
cut-off. Then this change of state in-7, will cause an equal 
change in the state of Ta. That is 7% will be ол and T, will be 
in cut-off state. These two states will be stable until anotber 
negative pulse.is fed to the base of To. 

The design of a flip-flop is carried out in the following manner. > 
The hye minimum of the transistor chosen is taken as 30. When. 
T, is off Ts will be оп. Since the saturation voltages are small 
the base and collector saturation voltages’ are assumed to be 
zero. For a silicon device Гсво being small, its impact is 


4 R 
neglected. The base voltage Ур, of 7 Б —/Иввх +: The 


d for cut-off is very small, say, 0.1 V for ger- 
transistors. Therefore Ур, required 
is of this orderonly. However for stable conditions, this can be . 
taken as —1 volt. —Vgg is taken as —15 V. Taking the value 
of R, as 100 kilo ohms, Rp, is taken as 6.8 k. ohms. The current 


Tis т (neglecting the е 
ctor saturation voltage as zero). For the transistors chosen the 
collector currentis limited to 7 milli ampere. Therefore the 
Collector resistances are chosen as 2k, ohms. This leads to 7, 
=7.5 ma, 7, = 0.13 ma. Therefore the collectorcurrent of tran- 
Sistor Ts, 7, “I, = 7.37 па. Since the current Ta is small com- 
ри ired, the transistor 7; will be in cut- 
Off. Similar calculations can be conducted for the other transistor 
also. The capacitors C1 and Cs which are of the order of 100 


Pfd are added to speed up the binary action. - 


back bias require 
manium and 0 V for silicon 


ffect of [cgo and assuming the colle- 


Experimental Set Up 
Equipments needed 
‘1. Power supply 30V/1A—2 NOS.. 
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2. Function generator—1 No. 
3. CRO—1 No. 
Components required 


1. Transistor CJL 531 or equivalent —2 Nos. 
2. Resistance 100 k. ohms 10% 4 W—2 Nos. 
3. Resistance 6,8 k. ohms 10% 4 W—2 Nos. 
4. Resistance 2 k. ohms 10% 2 W—2 Nos. 
“5. Resistance | К. ohm 10% 4 W—1 No. 

6. Capacitor Styroflex 100 pfd—2 Nos. 

7. Capacitor ceramic 0.1 mfd—1 No. 


Procedure 


Connect the circuit as shownin Fig. 30.3. Trigger the on 
transistor using negative pulse and note the change of the state 
in the scope. Connect the function generator to the transistor 
and feed the signal to find the changed state again. Note the 
wave shape of the binary. 

Review Questions 

1. Why the speed up capacitors are used in the bistable multi- 

vibrator ? 


2. Calculate the quiescent value of the circuit voltages and 


compare it with the experimental value; 
2) 


Discuss the technique of triggering a bistable multimeter. 
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SCHMITT TRIGGER 


Theory 


The bistable multivibrator or flip-flop is an example of a cir- 


cuit having two states, which are stable. This circuit is widely 


used in electronics. Schmitt trigger is a modification of the 
bistable circuit used for squaring of the waveform. Signal of any 
The output will be a fine 


Shape can triggera Schmitt Circuit. 4 са: 
Schmitt trigger is given 


square waveform. The biasing for а оса MuR 
through the emitter resistance. When the circuit as shown in Fig. 


31.1 is switched on, 7, will be conducting. The current flowing 


Fig. 31.1 


through the emitter resistor provides necessary biasing condi. 
ions," When a sinusoidal waveform 18 applied to the base of this 
: the state of conduction during 


transistor, transistor 71 remains in 
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the positive half cycle. During the negative half cycle, the tran- 
sistor goes in to cut-off causing a transition at its collector. 
This transition is passed on to the base of 7; through the coupl- 
ing capacitor. Transistor T; which was in cut-off till now, goes 
into conduction. Depending upon the input frequency, the num- 
ber of transitions taking place in the transistors also vary. Num- 
“ber of transitions is equal to the frequency of the input. Since 
the transistor Ty goes cither from zero to one or one to zero, the 
output waveform is square wave only. Depending upon the 


value of emitter resistor and the collector emitter saturation 
voltage, the dc Ісус! varies. 


Objective 


To study the circuit of. Schmitt trigger as a limiting anda 
squaring circuit. 


Experimental Set Up 
Equipments needed e 
1: Power supply 30V/1A—-1 No. 
2. CRO—1 No. 
3. Audio oscillator—1 No. 
Components required > 
Transistor CIL 531 or equivalent—2 Nos. 
Resistor 2.2 k. ohms 10% 1 W—2 Nos. 
Resistor 1.2 К. ohms 10% 4 W—1 No. 
Resistor 100 ohms 10% 4 W—1 No. 
Resistor 5 k, ohms 10% 1 W—1 No. 
Resistor 47 k, ohms 10% 2 W—1 No. 
Capacitor 0.01 mfd (poiyster)—1 No, 
Capacitor 10 mfd/15V (clectrolyticy—1 No. 


очар рут 


Ргосейцге 
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Review Questions 
l. Whatisthe quiescent state of the circuit ? Calculate the 
same from the circuit parameters and compare it with the: 


observed values ? 
2. What is the importance of the resistance paralleled to the 
coupling capacitor from the collector of Tı to the base 


of T, ? 


„transistor To. Without the bias the circuit can 
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COLLECTOR COUP 


COUPLED MONOSTABLE 
MULTIVIBRATOR - 


Theory 


The principle of operation of the collector coupled sou 
із same as that for monostable multivibrator which. is emitter 
couple. The output is taken generally from the off transistor. 
If the collector resistances arc unbalanced, the collector volt- 
age waveform will not compliment each other. T,is biased so 
thatitisnormaly on. Trigger pulses, аге applied to the base оГ 
Ti. The bias voltage —Vpg is Provided to ensure cut-off on 


Бе easily triggered 
and external noise resulting in erratic pulses, When the supply is 
Switched on, the base current flowing to transistor T, is adequate 
enough to keep it saturated. The 
TcRe, , will drive the collector у 
respect to ground. The y 
will bias the base of Ts. 
state. Since there is no d 
the collector of 75 wil] b 
Stable state exists durin 
Fig, 32,2. 

At the instant ty à negative sp 
terminal and the base of Ty is driven negative. The junction 
point of Rp, and Cyisalso driven negative, Capacitor Т, changes 
9 EA new voltage, The Teverse bias of Ті makes the ` 
though cans ie and hence capacitor С, can charge 


UPPly voltage Voc and Ry. This biases Ta 
in the forward direction, Transisto. " 


T T; is switched on and its 


drop acros 
1 Á 
Oltage to 


ike is applied to the input 
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INPUT PULSES 


COLLECTOR TO GROUND 
WAVE FORM OF T2 


--.-------- 


BASE ТО GROUND WAVE 
—— FORM OF T2 


ЕЕ COLLECTOR TO GROUND 


7777227 WAVE FORM OF Т} 


[— BASE TO GROUND 
3 WAVE FORM OF Т) 


Rig. 32.2 
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collector voltage goes to zero. At this instant capacitor C» sees a 
sudden change of voltage and charge through Rp, causing ап 
integrated waveform at the base of Ti and this becomes more 
negative during the interval 11-1. During this period 71 ganem 
at cut-off and 7 goes to saturation. The output is a CERN 
pulse having a duration determined by Rp, C2 sie con- 
stant. At the instant z>, the voltage at base of Ту un ee 
duction. When T, conducts, its low impedance S Be 
biasing current through Кр, and drives it to satu лдің 
A at the collector of 7j. This 
causes a negative voltage surge EB ae 
negative voltage surge is coupled to the base of Ts oug 3 
This causes Т, to cut-off. The current carrying capacity of C; 
sees the voltage changes at the collector of 71. The output of the 
circuit is assymetrical rectangular waveform for a sine wave 
input of reasonable amplitude. To some extent the input ampli- 
tude adjustment results in a control of output pulse widths. For 
rectangular trigger inputs, the output waveform will be 
rectangular. For low PRFs input coupling capacitor should be 
large in value. At higher PRFs the Squareness of the output 
waveform depends on transistor rise time, delay time, fall time, 
etc. Increase in the value of Кр and C; will resultin an increase 
in the pulse width of the Output waveform, Reduction in the 
value of Ry, will increase 


pulse width. An appreciable reduction 
in the value of Ri, will lead to multipl 


e and erratic pulsing on 
account of reduced bias A large reduction in the value of 
_ Re, will generate a Step voltag 


» Base current is €qual to (ас Увы), From the value of. 
і E 
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the base current calculated carlier Ар can be determined as, 
nearly 47 k. ohms. In order to keep the transistor always in 
Conduction the value of Rp, is chosen as 33 k. ohms. When 7) 15 
On, the voltage at the collector of 7; is almost zero. To keep To 
off Ry. has ғоре returned to a negative Voltage. This voltage is 
chosen to be around 3 volts. То provide for suitable discharge 
time constant Ry, is chosen as 22 К. ohms, the value of Л; is 
Chosen as 22 К, ohms. The resistor Re, is chosen as equal to 
Re. The charging capacitor C, is chosen as 0,1 mfd. The 
capacitor С, is chosen as around 0.01 mfd. The coupling capaci- 
tor is chosen as 0.05 mfd. 


Objective 
To study the characteristic of collector coupled monostable 
multivibrator. : 


"Experimental Set Up 
Equipments needed | 
1. Power supply 30V/LA—1 No. 
2. СКО--! No. е 
3. Funetion generator—1 No. 
4. Power supply 15У/100 ma—! No. 
Components required 


1. Transistor CIL 581 or equivalent—2 Nos. 
s 10% 4 W--1 No. 


2. Resistor 33 k. ohm 
3. Resistors 22, 15 К. ohms 10% 1 W—2 Nos. cach. 
4. Capacitors 0.1, 0.05, 0.01 mfd (polyster)—1 Мо. cach. 


Procedure 
Connect (he circuit w 


the CRO to th: output transistor $ 
Observe the output waveform. Vary the input frequency and 


note the variations in the output. Repeat the experiment for 
Input of sine and square waves at different frequencies. Observe 
the waveform at the collector of the other transistor and also 
Observe the waveforms at the bases'of the transistors. 


ith the values shown in Fig. 32.1. Connect 
and feed a signal at the input. 


Review Questions 


1. "Which transistor is normally in a state of conduction ? 
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Theoretecally calculate the collector current and base. 
current. 

2. Describe in detail how the transition from stable state to 
quasi-stable takes place. 

Calculate the period of time that the monostable multi- 
vibrator will remain in its quasi-stable state using the 
approximate formula T = 0.69 RC. < 


w 
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EMITTER COUPLED MONOSTABLE 
MULTIVIBRATOR 


Theory 

Unlike the binary circuit, the monostable has got only one 
Permanent stable state and quasi-stable state. Inthe monostable, 
а triggering signal is required to effect 8 transition from stable 
State to that of quasi-stable. The circuit will remain in the quasi- 
Stable state for a period which is longer than the time taken for 
transition between the states, The circuit will come back to the ` 
Stable state from its quasi-stable state without any triggering 
Signal, The emitter coupled monostable multivibrator 15 biased to 
Clamp one transistor in the saturation region. The normally on 
transistor will remain in this state indefinitely till the off transisi j 
lor is triggered (о the on state. After some pre-determined - 
Interval, the circuit will return to jts normal state until it is again 


triggered, 

The common resistor Rz provides the necessary feedback for 
the circuit to operate. This avoids the need for another negative 
Supply. The transistor T will be forward biased so that it 
remains in saturation. The voltage drop across Re is sufficient 


enough to reverse bias 7; and keep it in the cut-off region. Қы 
г saturation current in Тэ, 


15 chosen such that it permits highe 

Re, is chosen so deste Aden current is kept deg as 

Compared to the saturation current of Te. The circuit will "remain 

in this state until T, is triggered through an external signal as 

Shown in the Fig 331 The negative going pulses fed to the 

Pus Ті to maintain the base-emitter junction 1n the reverse 
o forward bias 


lased state "vs going pulses will tend t 
ate. The positive going Pulse : i N 
1 The E J, cannot conduct until the base 15 positive - 


110 ! 
| 
Гір. 33. 
Ё INPUT 
Vcc 
S COLLECTOR TO 
GROUND T2 
* 
ҚЫ BASE TO GROUND 
PM WAVE FORM OF T2 
i 
Үс 


COLLECTOR TO 
GROUND n 


] 
BASE TO GROUND T, | 


Fig. 33.2 
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XM with respect to the voltage drop across Re. This is to say 
bias T S of the signal should be sufficiently large (0: 
Mn ian on Ti towards conduction. This occurs at the 
E eO as shown in Fig. 32.2. As soon as T, conducts, the input 
ink г sees a low impedance which produces a loading effect 
throush ree generator. At the same time collector current 
E ue c, increases, producing а negative going voltage seep 
Шер коор of T,. This step 15 coupled with the base of Ts 
This I to reverse bias T,. This reduces the current through 75. 
A Исина lower drop across Кв. This reduced voltage across 
Ero the reverse bias voltage of Tı. Тһе feedback causes 
ulis in an almost instantaneous switching оп of Т) and 
Switching off Ty. 
аса шау after the instan 
Th itor Cj starts discharging through the loops 71, Re, Ев. 
ough the main discharging is through Т), there is a small 


i 4 s 
Dcrease in the drop across Aci At some point, the current: 
nerates a. forward biasing 


тота T, begins to decrease. This genera © 
сауна base of Tą. At the instant 72 shown in Fig. 33.2, (һе base 
Р ge, of Tp. reaches а value enabling Tz to conduct. Through 
1. T, is reverse biased again and transistor Ta 2055 into cut-off 
d at the instant To, The 


ап MU 
d the original state of То is restore 


ou ; í 
tput signal voltage is almost proportiona 
current, the output voltage is 


he coupling capacitor,C, has a 


t 7, as shown in Fig. 33.2, 


1 to __Rea___ Since 


Rest RE 


V, ? 
Cc determines the saturation 


ORDRE to supply voltage. T г. Се. 
SER on the shape of the input waveform: Large capacitances are 
Sirable for low pulse repetition frequency (PRF). The value of. 

Pi Will affect the bias on Ті and the amplitude of input pulses 
арреагіпр in the base ofTi- Smaller values of Ra; will require 
; агрег input voltages for equal output amplitudes. The resistor 

Ва along with capacitor Сі e the recovery time 


(ti will determin: 
Ime constant) of the circuit. That is the smaller the value of 
a the smaller is the time constant. Reducing the b 
У, 6 of C, results іп а reduced width of the output pulses. 
larious waveforms сап be used to trigger the 


Itput will monostable. The 
| Y ely Jarge 
inp l ays be rectan r exce t for excess! 

ut. a gula р 
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) Ais ы f С,, Rp, and Ес,. Their values 
The pu C M ME ТАНДЫ ДНЕЙ Facer 
ae бреве of Ен), Rcs, Re and Cc are chosen as 100 К. Ce 
T Қы. 390 ohms and 1.0 mfd respectively. When TE. 
2400 Ted towards saturation. For a Vcc of 4-15 V, E 
ies d will be around 10 ma. The drop across Rg ten 5 
баца 3:9 V. Ев, provides the necessary bias current for Ta: 
towards 3. A 20 RR base current for saturating the transistor T. 
For a hy, о » able to provide this much current. So T; wall, 
is 0.33 ma. Rp, the saturation. Now at the collector of Ts, the | 
DEED feels is the drop across Ағ--/ск,. Neglecting the 
VES а EL at the collector of 7; is Ге. Re which is а 
Ива снуе тав That means the transistor T, has its emitter 
а Aa COM in the same potential. The higher value of Кв, 
and Eius is sufficient enough guarantee to see that 7; is 
E the off condition. The amplitude of the Pulse required to 
d T, into on condition is well above 3.9 volts, As Tı is 
Vs e conduction C; gets charged through Ry, and T}. 
C,is chosen as 1.0 mfd to enable distortio, 


n-free signal for 
triggering the monostable multivibrator, 
Objective 
To study the characteristic of emitter coupled monostable 
multivibrator, 


Experimental Set Up 
Equipments needed , 


1. Power Supply 30V/1A—1 No. 
2. CRO—1 No. 
3. Functio 


n generator—1 No, 
Components required 


l. Transistor CIL 531 ore, 


quivalent—2 Nos. 
2. Resistors 39 


0 ohms, 1, 2.1, 33 100 k ohms, 10% 4 
W—1 No. each, "WEN 
3. Capacitors 1-0, 0.1 mfd (polyster)-—.1 No. each. 
Procedure 


Connect the circuit as shown in Fig, 33.1 and feed asignal of 
Suitable amplitude and frequency at the input. Observe the 
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E 5 : 
Vaveform in the CRO at the output point. Note the on and off 


tim : а 
UR by varying the signal frequency. Repeat the experiment by 
nging the value of С, and Ав,. 


oH iew Questions 
5 Er the biasing voltage is ge 
- Discuss the transition of the state 
multivibràtor. 


nerated in the circuit. 
s in the monostable 
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ASTABLE MULTIVIBRATOR 
COLLECTOR-COUPLED 


Theory — tor circuit consists of two overdriven amplifiers 

Multivibrato ch a manner that each provides the input signal 
connected in ДЕ the normal operation only one amplifier is іп the 
еса ihe otherin the off state, The Switching from off 


to'ontakes place ona pre-determined rate depending upon the 


time constant of the resistance-capacitance coupling. The 


astable multivibrator is а free running oscillator which generates 
rectangular waveforms. The astable multivibrator is frequently 

‚ forward biased with zero fixed bias which enables it to have an 
operating point at cut-off in the absence of a signal. The load’ 
resistances R, and Ес, are selected such that the transistor is in 
the saturation point giving the maximum desired collector cur- 
Tent. The bias resistors Rp, and Rp, are chosen to provide the 
sufficient base currents 


to ensure collector saturation. The coupl- 
ing capacitors C, and 


Сз determine the time constants along with 
R,, and Rp, and control the switching action. 


tors will be more ро 


that the current at T, 


? 1 is greater, resistors №, 
to provide only mi n 
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zero charge, will try to charge to the voltage between collector . 
and base terminals, C, with charge lower than C». Charging 
C; to the more positive potential at the collector of 75 produces 
a greater bias on base of 7; and hence increases the collector 
current through 7;. This drives 7; further and makes it saturated 
and driving T, more negative and finally to cut-off. At the end 
ofthe time constant of the RC the operation reverses driving 
T; more negative and 72 оп condition. Тһе collector and back ' 


waveforms of the transistors are shown in Fig. 34.1. 


OUTPUT 


CIL 53І 


[RM adi i ries the 
Collector cur. 0, transistor Т, is in saturation and car 109 
less than urrent Jo while Т. blow is cut off. Therefore, 6 
at the о ns the voltage at the base of Ts is positive, the У id 
Vag (5% ector of 7; is Vcc, the voltage at the base of ae 
Capacita? and the voltage at the collector of 71 is VcE Ce Ys 

T C» charges through Ry, and the voltage at the 


+ Усе ом OFF 
v VE 
à COLLECT OOF Т 
wi WAVE 
BASE 
FORM OF Т, 


Fig. 34.2 
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Ta vises exponentially towards Vcc. Att = 0, on 255 oi a 
becomes sufficiently positive and Т» conducts. » a i A 
saturation the collector voltage of 72 rises to Vcg E iis abs 
inthe collector voltage оГ 75 causes an equal fa IAS m 
voltage of Т. through the capacitor coupling network. та ин 
in the base voltage of Tj, cuts off T, and its RAP SIS ee 4 
towards Vcc. This rise in the collector voltage us E ЕНЕ 
through capacitor Cs to the base of Ts. 205 Sheree (Fig. 
shoot in the base voltage of T, as shown in the , 

e periodicity of the waveform can be found out using the 


formula T = 2 RCIn (: +17) where V is the voltage to 
ormula = 


which the base resistors are returned. In this case since R}, and 
T are returned to Vee, the time constant T = 2RCIn (1 4- 1) 
= 1.38 RC. From the equation for the period, it can be inferred 
that the frequency can be varied by varying the base voltage of 
the transistor. This gives a good linear voltage to frequency con- 
version which is widely used in elementry and allied areas of 
communication. à 
For a symmetrical waveform Beneration; Re, » Cy, Кр, should 
be equal to Res, Co, Rp,, For a period of 1 millisecond waveform 
the maximum allowed collector current /, = "ee, The maximum 
e 
limited to 10 ma and Усс to 4- 15 V for 
ransistor. This leads us to the value of Re 
ure saturation the base current J, should 
be greater than or equal to 


collector current can be 
CIL 531 or equivalant t 
as 1.5 k. ohms. To ens 


А 


Taking the typical value of 
Ij, as 40 for the above-mentioned transistor, the base current 
becomes 250 micro amps. The minimum value of base resis- 


tance required is Ry, = hy, x А, = 60 К. ohms. From the 
equation of time constant T = 1.38 x RC, the value of capa- 
citance required can be determined as 0.012 mfd. 


Objective 


To study the waveform of the astable multivibrator and modi- 


fy the circuit to know the voltage to frequency conversion 
aspect of the circuit, calculation of linearity. 
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Experimental Set Up 

Equipments needed 

1. Oscilloscope—1 No. 
Power supply 30У/1А--2 Nos. 
Frequency counter—1 Мо. 
Components required 
1. Transistor CIL 531 or equivalent—2 Nos. 

2: Resistors 60, 1.5 К. ohms 10% 4 W—2 Nos. cach. 


3. Capacitors 0.012 mfd (polyster)—2 Nos. 


2. 
a 
3; 


Procedure 
Make the connections as shown in Fig. 34.1 and switch on 
the power supply keeping сс at + 15 Volts. Observe the collec- 
tor and base waveforms in the CRO. -Note the period of the 
waveforms. Draw the waveform on a graph sheet. Compare the 
| period of the waveform theoretically calculated with that of the 
practical value observed. Vary the value of R, and C and observe 
the waveform and note the ‘period. Modify the circuit as shown 
_ in Fig. 34.3. Vary the voltage 1%, in steps of 1 V starting from 


+Vec 15У 


Fig. 34.3 


t frequency counter. Care should be 
r exceeds the value of сс. Draw a 
and input voltage Vins 


0 V and observe the outpu' 
taken to see that ) ,, neve 
curve connecting the output frequency 
determined linearly from the graph. 


Review Questions 


1. Compute the period of repetitive waveform produced for 
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a particular value of coupling capacitor and compare the 
same with the observed value. 1 


2. Whal should be the ideal waveforms of the collector and 
the base of the astable circuits ? 


3. Discus$ the voltage to frequency conversion action of the 
astable multivibrator. 
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PULSE TRANSFORMER j 


Theory ) 
Pulse transformers find wide application іп the waveshaping, 
triggering and scores of other activities involving pulses. A pulse 
transformer is used for differentiation of pulses, used а5 а coup- 
ling element between pulse amplifiers used for inversion of the 
Pulse polarity, to change the amplitude and impedance level of a 
pulsc, and to provide dc isolation between a pulse source and 

а load. 
The representation of a transformer turns ratio through equa-. 
tion is done as a ratio of turns, voltage, current or inductance as 
LC cs EPOR I NT PER 


H N, 
Shown below. Turns ratio — "NS Te aes 


” р 
М, stands for secondary turns, М» for primary turns, V, for 
Secondary voltage, V, for primary voltage, і for primary current, 
i, for :secondary current, Lp for primary inductance and L, for 
secondary inductance. ' 

Figure 35.1 shows the symbolic representation of a trans- 
former. The letter M designates the mutual inductance which is 
related to’ the coupling between the primary and secondary 
windings. The degree of coupling is determined by -the core 
Material and shape of the transformer as well as the manner in 
which the two windings are placed with respect to each other. 

M 3 
Coefficient of coupling is expressed as k = rage Practical 

RET] А 
transformers have magnetic leakage, resistance in windings, and 
distributed capacitance. In pulse transformer these are very 
important factors in determining the shape of the pulse, When.a 


where 
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(ә) Vp 2) (5 Ls (2 Vs $RL 


!p 's 


Fig. 35.1 


Step input is given to the primary of a pulse transformer the 
equivalent RLC circuit will Be excited into an oscillation, The 
frequency of oscillation will be quite constant regardless of the 
input pulse rate. If pulses are applied at the oscillation frequency, 
the secondary output voltage peaks will exceed the input voltage 
Peaks. At resonant pulsing, thc turns ratio of the transformer 
has no meaning, but the. Q of the circuit assumes great import- 
ance. As the Q of the transformer. equivalent Circuit increases, 
the amplitude of the oscillation also inereases, 

Just as resistance any resonant circuit affects its О, transfor- 
mer resistance affects the Q of the circuit also, Тһе leakage in- 
ductance reduces the magnitude of the pulse and the capacitances 
associated with the transformer affect the resonant frequency. 

If the resistance in a resonant circuit is neglected, the reso- 


nants frequency of the Circuit is &iven by f = 2 UM 
= VLC 
pulse transformer Д is n 


1 ot the inductance that саһ be measured 
by an impedance bridge. 
-tance between the 
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ary output corresponding to the resonant condition. This 
resonant frequency f, is determined by the effective secondary 
inductance L, and distributed capacitance Cp. If a known capa- 
citance C, is connected across the secondary winding, a lower 
Tesonant frequency can be noticed at fi. At still larger value of 
Capacitance С. the frequency of resonant gets shifted to lower 
value fo. From the changes in frequency associated with the 
capacitance changes, it is possible to compute the effective secon- 
dary inductor Z, with reasonable accuracy using the formula 


ҮЙЕ 
L Qs fs 102 
The formula assumes L as constant. The distributed capacitance 


1 


Co can be determined using the formula f, = DEVISE The 
s 


value of L, will be considerably less than the secondary inductance 
measured using the impedance bridge. In this manner the effect- 
live primary inductance Z, сап also be determined. However, 
these secondary and primary inductances bear the same ratio as 
between the values measured using the impedance bridge for 
secondary and primary side. These values of inductances, deter- 
minc the shape and frequency ofthe pulse waveform apart from 
the factors like the magnetic core material, the type of winding, 


turns ratio, etc. 4 


Objective 
То study the parameters and behaviours of pulse transformer. 


Experimental Set Up 

Equipments needed 
1. CRO—1 No. 
2. Pulse Generator—! No. 

Components required 
1. Assorted valucs of capacitors 
2. Ferrite toroidal magnetic core—1 No. 
3. Copper wire of SWG 42—some quantity. 


Procedure i 
Choose a proper type of ferrite core available in the laboratory- 


Wind, in bifilar fashion, about 20 turns in the primary and:60 
turns in the secondary. Connect the function generator to the 
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primary as shown in Fig. 36.1. Look for the output at the second- 
ary for constant input voltage of 5 V;, at various frequencies. 
Note the value of the frequency at which the resonance 
occurs. Repeat the experiment by connecting capacitors of diffe- 
rent values across the secondary: Fromthese values determine 
the effective value of Z, and Ср using the formula 
ТЕЛДЕ? 
YE SAAG 
Note the amplitude and shape of thc pulscs. Experiment сап 
also be donc for higher turns ratios also. 


Review Questions 
1. What magnetic properties of the core determine the fre- 
quency limitation of the pulse transformer ? 


2, Discuss the reasons for the pulse amplitude behaviour with 
respect to frequency, 
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BLOCKING OSCILLATOR 


Theory 

Blocking oscillato: 
ing circuits, etc. The 
provide feedback from outp 


rs are widely used in radars, TVs, іп count- 

blocking oscillator employs a transformer to 
ut to input of an amplifier. Ina way 
itis an inductively coupled oscillator and relaxation oscillator 
combined together. This circuit generates a variety of waveforms 
simultaneously in the various parts of the circuit. 

The important device in the Blocking Oscillator is a pulse 
transformer. The leakage inductance, distributed capacitance, 
resistance, turns ratio, core magnetisation and winding induct- 
ance play a vital role in the design of Blocking Oscillator. The 
time constant, L/R, of the pulse transformer is a very important 
factor. An abrupt change in the current through the, inductance 
causes an induced voltage init. A uniformly increasing current 
through the inductor generates a constant induced voltage across 
the inductance. The voltage appearing across the winding of the 
pulse transformer will appear across the other winding multiplied 
by the turns ratio. Referring to the common emitter configura- 
tion of blocking oscillator shown in Fig. 36.1, the primary wind- 
ing is in the collector-emitter loop, secondary winding is in the 
base-emitter loop. The voltage and current in the loops at any 
instant will be determined by the transformer turns ratio and 
phase inversion. The dots at the ends of the pulse transformer 
indicate that corresponding points will be simultaneously positive 
and negative whenever 4 varying current flows in one of the 
windings. This connection of the pulse transformer to the 


transistor ensures a positive feedback filfulling the conditions for 
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Fig. 36.1 


ey COLLECTOR TO 
. GROUND 
-Vcc 
“о; BASE TO 
p ; GROUND 
Ov i І 
ЕМІТТЕР TO 


| | 
ГІ 


Fig, 36.2 
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oscillation. As the collector goes positive, the base gocs negative, 
Since the common-emitter amplifier inverse the input signal in 
the output the connections shown in the Fig. 36.1 will produce 
positive feedback. To ensure greater stability in operation, the 
emitter resistance Re is unbypassed. Resistor Re provides 
negative feedback to the base emitter loop. Since the base bias 
is zero, the citcyit behaves as an astable oscillator. 

Referring to Fig. 36.2, at the instant of switching оп the 
power to the circuit £ = fo collectorcurrent starts to flow and 
increases at the rate determined by L]R time constant of the 
pulse transformer primary and the resistor Rc- Since the current 
increase rate is uniform, counter emf across the primary induct- 
ance will remain constant, keeping the collector to ground 
voltage at Zero level. The rising collector current magnetises the 
pulse transformer and produces à magnetic field which also cuts 
the secondary winding. The voltage across the primary is relati- 
vely constant and hence there will be: very little change. in the 
base to ground voltage. The emitter voltage will reach a negative 
value before the instant й is reached, even though се will 
remain near zero. At the instant A4 collector current reaches 
saturation level and the rate of change of'current becomes zero 
causing the collapsing of the magnetic field. The collapsing field 
generates negative voltage which is much larger than the applied 
voltage Vcc because the rate of change of current is larger. To 
protect the transistor from such sudden voltages a resistor and 
a diode in series across the primary are generally used. In this 
circuit since Re and Ес provides enough protection, abovesaid 
combination is not required. The collector to ground voltage at 
time г reaches a large negative value. The large negative going 
voltage is stepped down which produces a positive going pulse 
to the base of the transistor. This causes a cut-off state to the 
transistor. At this state, the transistor presents а high resistance 
in the primary of the pulse transformer as long as the primary 
inductance is returning energy to the circuit. The energy is stored 
in the transformer magnetic field. The emitter voltage also turns 
positive, During the jntervel /, 10 із the decrease in the bias 
current and increasing collector current cancel each other 
keeping the voltage across Rg constant. The decaying mangetic 
field allows the collector voltage to return to zero. Base voltage 
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also approaches zero volt condition to enable the -transistor to 
conduct. 


At the instance t», the base swings beyond zero and becomes 
slightly negative causing the collector Current to increase at the 
rate determined by the time constant of the transformer. The 
voltage across Re suddenly becomes negative. 
12 to ts, the voltage at Rc increases like a ramp as shown in Fig. 
36.2. The increasing collector current causes a gradually positive 
going voltage across Rz. Similar trend is noted at the base to the 
ground point also. At #,, the cycle repeats as at ^, and oscillator 


continues pulsing at the rate determined by the circuit para- 
meters, 


During the interval 


Objective 
To study the various waveforms generated by the blocking 
oscillator circuit. А . 
Experimental Set Up 
Equipments needed 
1. CRO—1 No. 


2. Power supply 30V 1A—] No, 
Components required 


3. Resistors 6.5, 3.3 k. ohms 
Procedure ; 
pu Up the curcuit as Shown in Fig. 36.1, Keep the power 
aan ly dues around —15 V and Switch on the supply. Connect 
ans loscope probe to the various points like the collector, 
ena д base and the resistor Re with respect to ground and 
collie Ie waveform at all these Points. Repeat the experiment by 
cting Rc = 10 k. ohms and Re = 47 k. ohms, 
Review Questions 


iE What factors determi 
in the blocking Oscil 
Discuss the Switch 
used in the blocki 
‘Ow the wavefo; 
Positive Supply у 


10% 4 W—1 No. each 


lator ? 
ing speed Tequireme 
Og oscillator. 
ms look like whe 
oltage are used? 


nts of the transistor 


n the NPN transistor and 
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SYNCHRONISATION TECHNIQUE IN 
ASTABLE MULTIVIBRATOR 


"Theory 

_ When a timing pulse is applied externally to one transistor or 
simultaneously to both transistors of an astable multivibrator, it 
causes the multivibrator to switch stable states at the same 
frequency with which this and subsequent timing pulses are 
applied. These pulses applied to the base of one or both the 
transistors of the astable multivibrator are known as the 
synchronising pulses. When positive pulses are applied to the 
base of To, these triggers шау produce synchronisation by estab- 
lishing the exact instant at which 7; one hy oe If 
Negative pulses are applied to the base ОҒ), then, w en T, 
couducta thes De m be amplified, inverted. and Я then 
appear as positive pulses at the base of Ta. Hence, again the 
Pulses will establish tbe instant when Ts comes out of cut-off. A 
capacitor is used to inject the synchronisation signal into the’ 
base of the transistor. The value of the capacitor is not very 
Critical. To differentiate 4 given square wave into pulses and 
then to select positive going pulses, capacitor and diode are 
used. 


Experimental Set Up 
Equipments needed 
1. Power supply 30V/ 1A—1 No. 
2. 'CRO—1 No. і 
3, Function generator—l No. 


| 
22 


geek! — 
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Components required 
1. Transistor CIL 531 or cquivalent—2 Nos. 
2. Capacitors 0.03 mfd (Polyster)—2 Nos. 


3. Capacitors 0.33 mfd, 0.1 mfd (Polyster)—1 No. each ; 


&. Dide CD 31 or equivalent —1 No. 
5. Resistors 1.2, 15 К. ohms 1094 4W—2 No. cach 


Procedure 3 
Rig up the círcuit as shown іп Fig. 37.1. Keep (һе supply 


Vcc 


+Hi5v 


Rc, 


CIL 531 CIL531 ^ 


astable. See the waveform of the 
Adjust the amplitude of the 
ble Synchronisation. Sec the 


of 
tion ? using negative pulses in synchronisa- 
2. Dise 1 
USS Synchronj 
sa 
sinewave tion of astable multivibrator using 
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CHARACTERISTICS OF A SERIES 
REGULATOR 


"Theory 3 j 
Series regulator circuits are widely used in the design of power 


supplies, used in laboratories and in various instruments. The 
Series regulator has to give a constant output even if the input 
voltage fluctuates widely. A transistor is used as the series element 
which handles the output power. The block diagram of a simple 
series regulator is as shown in Fig. 38.1. This consists of four 


SERIES ELEMENT 


ERROR AMPR 
Vi 


REF. ELEMENT 


- Fig. 38.1 


COMP ELEMENT] V9 


blocks. as shown. The series element controls the output. The 
output is sensed by the comparison element and compares with 
the reference voltage shown in the block and the error that 
follows is amplified by the error amplifier which in turn corrects 
the series element to give constant output. Even if the input 
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voltage varies, 
circuit. 


the output is maintained at а constant value by this 


Fig. 38.2 


milliamperes. The transistor Ti 
as the error detecting ampli: 


limit the current Tespectively. Si 
maximum, the volt 
varies from 5 to 10 volts, 
UL " 


at T,. The Voltage at the base of T, will be Vou, +¥V ze. This value 
is 10.6 Volts. The beta of i 60. The base current 


stor. In this example 
j . - The minimum drop across the 
resistor Ry will be 4.4 Volts. Allowing a current of 1.2 ma to flow 
i е bias current for Tj. There- 
» Which is the ratio of the mini- 
Current. Selection of Та is on 


CHARACTERISTICS OF A SERIES REGULATOR 131 


the basis of the amplification capabilities and the current delivery 
capability. Transistor CIL 531 whose beta is 60 on an average is 
Chosen as the element for To. For the reference a zener of 6 volts. 
break voltage is chosen to provide a constant voltage reference 
which is free of any temperature variation. The zener requires a 
. minimum of 2 ma current to maintain its voltage. The resistor 
Rs provides the necessary current path for this. The value of Re 
therefore works out to be 2: К. ohms. The voltage of the base of 
Т, has to be 6.6 volts in order to keep the transistor in the 


conduction state. The base current required for Ta 15 determined 
and beta. From’ this 


from the knowledge of its collector current 

it can be determined that the base current required is 20 micro 
amperes. А current flow of 1 milliampere through R, and R, will 
Prove this base current to 75 without appreciably loading the 
sampling circuit, From this the sum of Rs and R, can be deter- 
mined as 10 k. ohms. Since the base voltage has to be maintained 
at 6.6 volts the following calculations can be carried out and 
ЕҢ values are arrived at as R, = 6.6 К. ohms and Ra = 3.4 К. 
ohms. 


Objective : 
To study the voltage regulator characteristics. 


Experimental Set Up 
Equipments needed 
1. Power supply ог variable power source—1 No. 
2. Multimeter—1 No. 
3. Rheostat 0 to 1 К. ohm—1 No. 
Components required their equivalent 
1. Transistors 2N 697, CIL 531 or Oah 


3.4 k. ohm 10% 4 W—1 No. each 


2. Resistors 3.6, 2, 6.6, 
r equivalent—1 No. 


3. Zener Diode CZ 6 0 


Procedure 
at] ire up the circuit as shown in Fig. 38.2. Give the input voltage 
45 Volts and note the output voltage. Load the a s 5 
tio urrent of 50 ma, Note the output voltage under anes = a 
Ss , Find out the difference in the output between the о 5 
dition and no-load condition. Calculate the load regulation 
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using the formula, 


V, е 
load regulation Sao oad ses o(rulliloag) 
4 9(no load) 


observe the regulations as above. 
Connect the probe of an oscilloscope to the output of the power 


supply and find the ripple output when in full load condition. 
Compare this with the ri 


the input. Record the re 


x 10095 
Vary the input to 20 volts and 


pple output of the unregulated supply at 
adings. 


Review Questions 


l. Explain the output impedance of a power supply. How is it 
calculated ? 

2. Determine the ripple reduction factor of the power supply 

circuit. 


- What is meant by line regulation ? 
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SILICON CONTROLLED RECTIFIERS 


Theory 

осот devices which аге used primarily as on-off 

a es find very wide applications in industry. SCR and triac 

Sim M populat unidirectional and bilateral thyristors. А 

dran ified diagram of SCR is shown in Fig. 39.1. The arrowhead 
Wn in Fig. 39.1 (b) determines the conventional current flow 


A 
А ANODE 

is _, ANODE INE 

+ CONTROL JN. A d 

CATHODE JNA 
\ 00189381 Cn < б 

c : GATE 
C CATHODE 
Fig. 39.1 (b) 


Fig. 39.1 (8) 


in one direction only, that is 
Md cathode. When SCR 15 
uitable signal between gate an 


between the switch terminals anode 
turned. on, by the application of 
d cathode; it behaves as a closed 
switch. Once the. gate turns On е SCR, it ceases its control 
over it. To turn the SCR off, the load current must be forced 
P zero. Fig. 39.2 illustrates this action. In short, the SCR con- 

: m only when the anode is positive with respect to cathode 
t at the same time gate gets sufficient positive voltage with 
Е id to cathode for triggering action. Only when the anode 
Ы Py is interrupted and the gate drive removed the SCR will 
к Fig, 39.3 shows а true transistor analogy for the SCR. 

. 39,3 (d) gives the flio-flop arrangement of the transistor. 


X 
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Fig. 39.2 (b) 


A BLOCKING JNS 


рар, 
Тр 
G > npn 
TN 
G 
с 
Fig. 39.3 (а) Fig. 39.3 (b) Fig. 39.3.(с) 


Fig. 39.3 (4) 


isoffor in a forward blocking condition when 
Vad reverse biases the Ы 


Here the SCR 
og j locking junction transistor Ту. Resistor 
a 15 connected to give a low resistance path between gate and 
E ud for low current, This path bypasses internal leakage 
dni запі external noice signal away from the cathode junc- 
rity Both, ane contrlled turn on. If 744 is reverse in pola- 
athode ; . 
controlled and anode junction gets reverse back and 


juneti i 2 rs XE 
blocking. Jünetion forward bias, This condition is called reverse 


dc 
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To turn the SCR off stage to on stage the gate should be made 
positive with respect to cathode. The minimum gate voltage, Vo, 
is called the gate triggering voltage and this will be of the order 
. of 0.6 volt to forward bias the silicon рп junction. When the 
applied gate voltage is equal to the gate triggering voltage, gate 
current flows into the base of Ту and gets amplified into the 
collector current of Ту which in turn raise the base of Tp. This 
base voltage in turn gets amplified at its collector and drives the 
base of Ty. This way, when transistor Tw starts conducting both 
transistors drive one another rapidly into saturation resulting 
in a regenerative switching action. This rapid action changes 
the anode current 74 into a value determined by the load. resistor 
and the applied voltage. 

Turn off is accomplished by opening the gate, maintaining 
Vaa into a constant voltage and by increasing the load resistor 
Rz во аз to reduce the anode-cathode current to the holding 
current of the SCR. For a typical SCR the holding current Jg 
is around 5 ma, When Ju is made equal то Тас, there is suffi- 
cient current to maintain both the transistors in saturation. When 
One of the transistors comes out of saturation, each drives the 
other rapidly into cut-off. This makes the’ SCR switch to go in 


its stable off state. 


Objective 
To study the various aspects of SCRs. 


Experimental Set Up 

Equipments needed 
1. VIVM—1 No. 
2, Milliammeter — 1 No. 
3. CRO—1 No. қ 
4. Filament Transformer 230/6.3V—1 No. 
5. Power supply 30 V/1 A—1 No. 

Components required 
1. SCR SN 101 or equivalent—1 No. 
2. Resistor 100 ohms 10% 2 W-—1 No. 
3. Toggle switch DPDT—1 No. 
4. Resistors 1 k. ohm, 10 К. ohms, 3.3 К. ohms, 10% % 

Х/--1 No, each. 


5. Resistor 1 mega ohm 10% 4 W—1 No. 
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Procedure | 
Rig up. the circuit as shown in Fig. 39.4. Voltage Va is 


63:230v 


Fig. 39.4 


increased from zero and watch the anode-cathode voltage Vac on 
the CRO and the gate current Jc in the milliameter. The high- 
est value of /g is observed when Vac. goes from off to on and 
this is called gate triggering current Jor. SCR. chosen being 
SN 101, the Уво is-100 volts. Forward voltage drop at the for- 
ward current of 1 ampere is 1,5 volt typical, The gate triggering 
current is 1 ma typical. The reverse gate voltage is ] volt typical. 

Vary the voltage Уос, measure the gate triggering voltage Vac 
‘and the gate current 7g just at the moment SCR goes from off to 
„on condition. Repeat the experiment for different values of Ver 


within 20 per cent of its typical value, Draw the Bate character- 
istic current Vg verses /с. 


Anode characteristics | 


Figure 39.4 із modified. and is redrawn as shown in Fig, 39.5 


lac 


VAC 


Fig. 39,5 (a) 
Fig. 39.5 (b; 
to display anod z p 


а i ei characteristics. Resistors Ry and Rec 
Be by 10. Since the triggering voltage is 


divide the swee 
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around 0,5 V, the gate will trigger.the SCR into conduction when 
the swcep voltage rises to 5 V. When the SCR goes into con- 
duction measure the anode current. By varying the potentio- 
meter R, the firing angle of gate is varied. Draw the anode 


characteristic as shown in Fig. 39.5 (b). 


Fullwaye Power Control 

' SCRs can gainfully be used in power control applications, Ап 
UJT can be used for riggering the SCR. The firing angle is 
adjustable using the potentiometer as shown in Fig. 39.6. 


y ) Fig. 39.6 


Experimental Set Up 
Equipments needed 
1. Transformer 330/25V—1 No. 
2. CRO—1 No. 
3. VTVM—1 No. 
Components required 
Diode BY 127 or equivalent—4 Nos. 
SCR SN 101 or equivalent—1 No: 
Zener diode CZ 12V or equivalent—1 No. 
UJT or equivalent—1 No. 
Resistors 10 k. obms, 100 К. ohms 10% 3. W—1 No. 
each. ; ; 
6. 27 ohms, 4.7 К. ohms 10% % W—1 No. each. 
7. 220 ohms 10% 2 W—1 Хо. 4 
8. Capacitors 0.05 mfd (polyster)—1 Хо. 


Би 


` 


Procedure 

Rig up the circuit as shown in Fig. 39.6. The zener diode 
and resistor Rp protect the UJT from excessive voltage. Capa- 
citor С, and potentiometer Re phase control of the firing angle. 
The SCR is triggered by the pulse generated by the UJT Shane 


Г 
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which is connected to the gate of SCR. Depending upon the 
position of Rg the firing angle is varied and the power through 
the SCR is also varied, When the firing of the SCR takes place 
timing circuit gets short circuited. Measure the voltage across 
Cı.. Vary the load Rz and measure the ‘voltage which will give 
the regulation of d-c voltage. Measure tipple across the output 
terminal using СКО. Vary the firing angle by varying the poten- 
tiometer Re and note the output voltage and ripple voltage, 


Review Questiuus 


1. 
t 
2 
3. Why arein germanium controlled rectifiers not found in 


How much voltage appeares across the SCR when it is 
in on condition and when it is in the off condition ? 
Plot the volt-ampere characteristic of the SCR. 


any semi-conductor manufacturer’s product line? 
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DC TO AC INVERTER 


Theory 4 ) А 
The transistor d-c to a-c inverters are widely used in serene 
Circuitry by replacing many rotating machine EE Ed m 
vibrator-transformer-rectifier converters, etc. It has t à а me 
age of no moving part and also has higher cien P 
.PoWer applications. The basic circuit. of a quam a о Я 
converter is shown in Fig. 40.1. It isa simple pus UD j square 


Ет 


z 
2 LI 
AC OUTPUT 
\ 


Fig. 401 

itive feedback from а transformer. The 
hes and maximum efficiency is got by 
ff. Hence little power dissipation and 


wave oscillator with pos 
transistors operate as swite 
operating them at the cut-o 
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rapid switching rate are achieved. The operating frequency. 
requirement depends on the a-c output. The frequency response 
of the transistor chosen should have a ratio of 10:1 to the 
required frequency in order to give a trouble-free operation. 


Normally the circuit will self oscillate due to the positive feed- 
back. However, when the Circuit is fully loaded, the inverter may 


Power is connected. To overcome 
sing arrangement is provided using 
and diode. Power requirement of 
" these transistors is very less as compared to the total power 
output. Generally a Power rating of say, 20% of the total power 
output is sufficient for the transistor. The current rating of the 
transistor should be sufficiently higher than the load current. : 
The switching action of the transistors takes the magnetic 
Core through its square loop saturation characteristics which 
causes the flux to change and hence voltage variation with time. 
The соге plays a very important role in increasing the efficiency 
- and improving the shape of Output waveform. Because of the 
Magnetic property of the core, and low rise time, there are 
spikes developed in the output, resulting in a large magnitude 
of voltage for a very short duration. These spikes are much more 
in amplitude When the inverter used to drive any motor or 
_ inductive loads. To some extent the spikes can be suppressed by 


selecting the cores like ‘deltamax’, ‘perimander’, etc., and by 
resulting to bifilar winding of the cores. 


not pick up oscillation when 
this incovenience a small bia 
either resistors or resistor 


Objective ) 
То study the characteristics of d-c to a-c inverter circuits. 


Ls 


Experimental Set Up | 
Equipments needed 
1. Power supply 30V/2A—1 No 


2. CRO—1 No. 
Components required 


ТЫ Transistor SL 100 or equivalent —2 Nos, 
2. Resistors 150 ohms, 1.2 kilo ohms 1095 2W 
—1 No, each, 


3. Magnetic core 
4. Enamelled co 
quantity, 


CEL type T 45 or T 40—1 Мо. 
ррег wire SWG 22 and SWG 30—some 


0 


~ 
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Procedure. | 
Rig up the circuit as shown in Fig. 40.1. Feed the power to. 


the circuit. Now the transistor should go into oscillation. If the 
oscillation does not take place see ifthe windings are connected. 
properly. If necessary; reconnect the feedback to get oscillation. 
The circuit is designed to oscillate at 400 Hz. When the. oscilla- 
tion takes place a 400 Hz noise will be audible. See the wave- 
form of the oscillation in 4 CRO by connecting the probe to 
the collestor of one of the transistors. See the base waveform 
also. Measure the amplitude of the secondary output. Load the 
circuit to the required (designed) Jevel and observe the waveform 
in CRO. ‘Switch off the powet supply, with the load connected, 


switch on the power supply and see if the circuit oscillates. If the 
he value of the resistors in 


oscillation does not take place, 1 
the circuit to a lower value keeping the ratio same. Connect an 
inductive load and see how mu 


Review Questions y А 
1. Discuss how the square 100P characteristics of the, magnetic 


core affects the performance of the circuit. 
2. What are the reasons for the transistor cut-off frequency 


being higher than the oscillation frequency? Ч 
3. What -are the factors determining the efficiency of the . 


circuit? 
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КАМР GENERATOR үшты 


\ 


Theory 


S shown in : 
ally through 


C, the poten- 
gh it remains 


7 
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constant. Hence the cbarging of the capacitor Сі js more or Jes 
through a constant current course. 


Objective 1 
To study the properties of гашр generator. 
Experimental Set Up 
Equipments needed 
1. Audio squarewave generator—1 No. 
2. Power Supply 30V/1A—1 No. 
3. Oscilloscope—! No: 
Components required 
1. Transistors CIL 531 or equivalent—2 Nos. 
2. Transistor 2N 3053 orequivalent—1 No: 
3. Resistors 1.8 k. ohms, 47 k. ohms 10% % w—1 No. 
each 4 
4. Resistor 15 К. ohms 10% + 
5. Capacitors 0.002, 0.01, 0.02, 
(Polyster)—1 No. each. 
6. DPDT Switch—! No. 


Ы 


w-—2 Nos. 
0.1 and 0.2 mfd 


‘Procedure қ 
Connect the audio 5 erator between points 
A and B of the circuit as shown in Fig. 41.1 and observe the 
waveform between А and D illoscope. The transis- 
tor T, is momentarily turned on bY the positive going edge of the 
waveform at D. The capaci is shunted by Тә. Momentarily 
` capacitor C; is discharged. The! just the frequency of the 
oscillator, until the stationary pattern of the ramp voltage is 
obtained. Switch $i iS used to vary the feedback of the emitter 


follower and that Sa to select eithe 
follower. The switch 51 Can be used to уату the feedback to the 


emitter follower. Vary tbe position of the switch S, for different 
feedback and observe the waveforms displayed in the CRO. 
Estimate the linearity of the ramp from the observation made in 


the CRO. 


the linearity of the ramp ? 
tations of the transistor affects the 


Review Questions 
1. What factors determine ! 
2. How the frequency limi 


-ramp?, 
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DIODE CLIPPERS 


Theory 
Diodes are used as 


clippers widely in electronic circuitry. 
Clippers are frequently biased to effect limited action at specific 


levels. А conventional junction diode will clip only one peak of 
the input voltage. The clipping can be either for the positive 
2 i tage. When the applied voltage is insufficient 

into the Conducting state, the diode acts as 
variable resistor in an RC Circuit. Low amplitude waveforms will 


not be clipped, but they will be altered by the RC properties of 
the diode. Reverse bias i i 


which conduction 


» with special biasing conditions, 
appear in computer, comparators 


Many other applications, Basic Principle of diode clippers are 
investigated in this experiment, 


Objective ^ 
To understand the àppiications of diode in Clipper circuits. 
Experimenta] Set Up 
Equipments needed à 
1. Function generator—] No. 
2. Power Supply 30V/1A—1 No. 
. CRO—1 No. - 


DIODE CLIPPERS 7145 
Components required . > 
1. Diode—1 Хо. I 
2. Resistor—1 No. 
Procedure 
Choose a diode of suitable voltage and current ratings. Rig 


Up the circuit as shown іп Fig. 42.1 with a suitable value 


Fig. 42.1 
of: R to limit the diode current to a safe level. Connect a func- 
tion generator to the input side. Bias the circuit using a yari- 
able power supply as shown in the figure. Give a sinusoidal input 
of frequency appropriate to the diode chosen: See the output 
wave-form in а CRO. Vary the bius condition and repeat the 
experiment. Give а square wave input and observe the results. 
Clipping action of diodes for circuits, shown in Figs. 42.2 10 
424, can be observed in the same manner mentioned above. 


Draw the waveforms in 8 graph sheet- 


" | 
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Fig. 42.4 


Review Questions 
1. Explain how the diode clipping circuits tr: 
part of the waveform. X 
2. Design a circuit which will clip the signal to the desired 
level symmetrically on both sides of the zero axis. 


ansmit only a 
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DIODE CLAMPERS 


Theory 
Tn electronic circuits, there are many occasions in which the d-c 


level of a signal has to be changed from its existing level to suit 
the operation of some other circuits. This operation is achieved 
using clamping circuits. There are many such clamping cir- 
cuitsusing largo number of components. In this experiment, 
simple diode clamping circuits are chosen for demonstrating the 
principle of clamping. When a signal is passed with diode in 
parallel condition, the level of the signal gets altered depending 
upon the other circuit parameters. A silicon diode requires a 
minimum of 0.5 to 0.7 volt for going into conduction whereas 


а germanium diode needs only 0.1 to 0.2 volt. The frequency 
Jay an important role in handling the 


limitations of the diode P 
input signal. Í 


tsin various configurations 
f suitable amplitude. 


Objective 
To study the аіобе cla 
by feeding a sinusoidal in 


mping circui 
put signal o 


Experimental Set Up - 


Equipments needed 
1. „Audio 05 
2. CRO—1 Хо. 
3. Power supply 30 V/1A—1 No. 


Components require! 4 е 
i Diode СА 57 of equivalent—1 No. 


cillator—1 №: 


1 
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2. Resistor 10 k. ohms 10% 1 W—1 No. 
3. Resistor 33 k. ohms 10% 2 W—1 No. 
4. Capacitor (polyster) 0.1 mfd—-1 No. 
Procedure 


Rig up the circuit one by one as shown in Fig. 43.1 to 43.4. 
Feed а signal of frequency | kHz and an amplitude of, say; 
10/,, 


to the input. Observe the waveform of the output in a 
CRO. Carefully monitor the d-c shift in the signal conditon in 
the CRO. Vary the amplitude and frequency of the input and 


o.l mfd 


INPUT 5 33k QUTPUT 


Fig. 43.1 
4 901 mfd 


INPUT OUTPUT 
33k 


Fig. 43.2 


o1mfd 


INPUT OUTPUT 
5v 33k 
Fig. 43,3 
01 mfd 
INPUT OUTPUT 
33k 


Fig. 43.4 
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г : А ; 
a the experiment. Keeping the input voltage at 1V,,, repeat 
€ experiment and sketch the waveforms. 


Review Questions 
1. Sketch the output for an input 0 
2. How would the clamping cir 
changes for the input signal level wi 
across the diode is removed ? 


f 10>» theoretically. 
cuits respond to sudden 
hen shunting resistor 
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TRANSISTOR SWITCHING 


Theory 


t mes’ give the pro er SU d е 
working of characteristics, Pet Perspective into th 
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such as computers, the characteristics are 


‘speed switching circuits 
ty of the machine. 


very important for the reliabili 


Objective 
To. observe the effects tran 
Square waves. 


sistor switching parameters on 


Experimental Set Up 
Equipments needed 
1. CRO—1 Хо. 
2. Power supply 30 У/ 
3. Square wave-gener? 
Components required ; 
1. Transistor CIL 769 or 2N 2369 or equivalent—l No. 
2. Resistor 100 ohms 10% 3W—1 Шо; 
3. Resistor 270 ohms 10% 4 W—l No. 
4. Resistor 20 k. o % iwl No. 


1A—2 Nos. 
tor—1 No. 


hms 10% 


Procedure / 3. 2 
Rig up circuit as show? in Fig. 44-1. Give an input square 


INPUT 


Fig. 44-1 


nd duration. Observe the values 
time Ts and fall time Tp of the input 
bserve the output signal in the CRO 
d horizontal scales as far as possible 
he trace to the maximum. Find out 
t waveform. Feed squared pulses 
t waveforms and tabulate. 


wave of 1 kHz PRF, 1 milli seco 
of rise time T, Storage 
waveform using a CRO- о 
with expanded vertical ап 
and setting the brightness of t 
the Tr, Ts and Tr of the outpu! 
. and observe the trace of the inpu 
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Vary the input amplitude to saturation level in steps E 
Observe the output amplitude, Tp, Ts, pulse duration Tp s 
between 90 per cent, points) for each of the settings. Adjust ne 
input signal amplitude to near saturation level and орао ds 
‘output amplitude. Then, maintaining constant out put ampli mE 
vary the input PRF to the highest possible PRF of. the genera 7 
and observe the distortion of the output waveform with Ippa 
to the increase in the PRF, Change the value of Rz so that x 
peak collector current will be only 10 pet cent of the dei 
allowable current. Find out the Storage time for low collect 
current as against that for high collector current. 


Review Questions 


А қ em А js Је sat for 

l. What is the maximum switching gain that is 7 

the transistor used ? du 

2. When the transistor acts as à saturated switch, wha 
the collector-base voltage ? 
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DIODE RESISTOR LOGIC CIRCUITS 


Theory 4 

Logic circuits play a Very important role in electronics. With 
a wide range of logic circuits, many events can be made to oper- 
ate. Functions like AND and OR functions сап be developed 
Using diodes and resistors. In order to illustrate AND and OR 
logics, the following example will suffice. In the Fig. 45.1, 
two switches are in series with the energising coil of a 
relay. When 4 and B are closed, the coil gets energised. This 
illustrates the AND function. In the Fig. 45.2, the coil gets 


* OUTPUT 
A B 
eee 
+ 


Fig. 45.1 
B | OUTPUT 
a> 
^ i 
ae 


Fig. 45.2 
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energised when either 4 or B switch is closed, This illustrates for 
OR circuit, j 

The above mentioned logic functions can be designed using 
diodes and resistors. In this circuit, the on or off condition is 
denoted as binary level 1 or 0. When the binary level is 1, the 
output shown will be, say, 6 volts. When the binary condition 15 
shown as zero, the output will be zero volt. It makes no dif- 
ference, what voltages are used to represent the logical one and 
zero. All that is important is the level. 


Objective 


To determine the operation of diode resistor AND—OR cir- 
cuits, 


Experimental Set Up 

Equipments needed 
1. Power supply 30V/1A—3 Nos. 
2. ҮТУМ--1 No. 

Components required ` 
1. Diodes CD 31 or equivalent—6 Nos. 
2. Resistor 470 ohms 10% 4W—2 Nos. 
3. Resistor 10 k. ohms 10% 1W—2 Nos. 


Procedure 
The AND circuit shown in Fig. 45.3 is wired. Observe the 


—6v 

10k 
A 
INRUT OUTPUT 
B 


тп 


. Fig. 45.3 


Output as per the truth table shown in Table 1. This circuit has 2 
Inputs leads which may be separately connected either to zero OF | 
6 volts. The truth table can be completed by connecting the 
inputs suitably, Similarly for the Fig. 45.4, follow the same 
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TABLE 1 TABLE 2 
MENS ERIS ee 
Input Output Input Output 
| volts volts volts volts 
| A B A B 
0 0 0 0 
0 +6 0 +6 
+6 0 +6 0 
+6 4-6 +6: +6 
-öv (C 
? 
> 10k 
A -----. 
INPUT OUTPUT 
Ы е 


B mim. 
ти 44 | 
uth Table 2. This will explain the 


procedure and complete the tr 


OR circuit. A EE Sones 
The Fig. 45.5 is also is a combinational circuit. In this three 


inputs can be given. Fig. 45.6 is also is a combinational cir- 
cuit, the truth table for which is givenin Table 3. Feed the 
signal as per-the truth table and observe the output voltages 


and tabulate accordingly. 
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+6v 
10к 
А 
OUTPUT 
1 
с, РА 
10k 
-6v 
5217 
Fig. 45.6 3 
, "TABLE 3 
Input volts E 3 Output volts 

4 B с Fig. 45.5 Fig.456 

0 0 0 

0 0 +6 

0 +6 0 

0 +6 ' +6 
+6 0 0 
+6 0 +6 
+6 +6 0 
+6 +6 +6 


Review Questions 
l. Write the logical ex, 
national circuits, 


2. What are the Criteria for Selecting the resistance in the 
circuits ? 


Pression for the output of the combi- 


3. Analyse the circuit for the 
What is a negative logic ? 
Circuits for а negati 


Case of equal resistance i. 
Construct an AND and О 
ive logic ? 


һы 
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TRANSISTOR LOGIC CIRCUITS 


"Theory 
The diode resistor logic circuits һауе à disadvantage that they 
To overcome this defect, transistors 


get quickly loaded down, 

are used in the design of :c circuits. The nature of the 
common-emitter transi uch that when the base 
voltage of the transistor is the collector voltage 
decreases for an mp” device. his phenomenon gives ап inversion 
property. This is called as complementation of a variable also. 


A small base current controls a relatively Jarge colle 
logic circuit can drive many subsequent 


Therefore a transistor 
The transistor logic gate always results 
version of AND or OR, which 


in a circuit that provides an inve vh 
are generally termed 45 NAND and NOR logic operations. 
sed in different ways to derive 


These two combinations can be u iier 
the needed AND, OR and other logics. The various circuits can 
i ics. For the experiment 


operate either on positive 
a positive logic is chosen. 


of a diode transistor logic 


Objective 
rmine the fan- 


н To study tne сіт 
circuit for NAND an 
gut capability of the Сі 


cuit operation 
d NOR logics. 
ircuit. 


Also to dete 


Experimental Set Up 


Equipments needed 
1. Power supply 3 VJ1A—2 Nos. 


2. VIVM—1 №. 
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Components required 


l. Transistor CIL 531 or equivalent—2 Nos. 
2. Diode CD 31 or equivalent—2 Nos. 

3. Resistor 2.2 k. ohms 10% 2W—1 No. 

4. -Resistor 100 k. ohms 1095 1W—2 Nos. 

5. Potentiometer (wire wound) 5 k. ohms 2W—1 No. 


Procedure 


Rig up the circuit as Shown in Fig. 46.1. Draw the truth 


Fig. 46.1 


Fig. 46.2 


l, and note the output voltages for 
р 4s laid down in the Table. Repeat the 
experiment for other two ci enter the readings against 
vely. An important point, that has to be 
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Tid 


2.2k 


ма 00K ; 
IU OUTPUT | 
CIL 531 4 
I00k- 
Die CIL531 


Fig. 46-3 


ges should be set accurately 


kept in mind is that the supply volta 
ermine the value of the load 


as in the figure. In addition, det 
resistance that brings the transistor out of saturation. This can 


be determined using, say, a 5 k. ohms potentiometer as load and 
slowly reducing its value while monitoring the collector voltage. 
The value of the resistance which starts bringing the output 
voltage from its low saturation value is entered in Table 4 for 
each of the circuits. Before doing this experiment, it should be 
noted that the input to each of the circuit should be such that a 
transistor in each case is in perfect saturaticn before the 


r was connected. 


potentiomete 
TARLE 1 
Inputvolts — Output y, 
V4 Ур volts са 
> 0 0 
0 6 
6 0 
6 6 n 
TABLE 2 
Input volts Output Y 5 
у SO 1 volts сет сез 
А Ae "n- 2 4 AE 
uer Um 0 
0 6 
6 0 
$ 5 a БЕБЕ 
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TABLE 3 


Input volts 


Output 227 
V. volts Cer 2 


^ oo 


TABLE 4 
; uta ws CARI - 
JS a ES Resistance 
Pig. 46.1 


25 ohms 
Fig. 46.2 tee ohms 
Fig. 46.3 A. ohms 


Review Questions 
l. Analyse 
of volt 


3. Equate the minim 
Circuit can drive. 
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LINEAR SWEEP CIRCUIT 


Theory 

A linear sweep voltage may be generated by charging а 
capacitor from а constant-current source. The linearity of the 
waveform is very much better than that produced by charging a 
capacitor exponentially through a resistor. In the case of 
capacitor-resistor Sweep generator the wave amplitude of the 
voltage is small compared to the source voltage. This disadvant- 
age is overcome if a constant current source is used to charge 
the capacitor. A good example of a constant current-source is a 
transistor employed in a grounded base configuration with a 
zener diode connected as shown in the Fig. 47.1. 

The collector current in this grounded base configuration is 
approximately equal to the emitter current regardless of the 
value of load resistor. The emitter current is held constant by : 
the voltage drop across the zener diode and the emitter resistor. 
Even when there is a fairly big fluctuation in the voltage at the 
emitter, zener can take care of the fluctuation and present a 

constant voltage across it. Tbis in turn maintains a constant 
current in the circuit. The capacitor C is charged through the 
constant current source consists of transistor Ті, zener diode, 
resistor Re, etc. Once the transistor is charged it has to be 
discharged. This can be done using а switch. Transistor Ts act 
as a switch which closes during the duration the input voltage 
is in the positive level. When the input voltage is positive the 
transistor Tg gets forward bias and hence starts conduction. 
When this transistor conducts the emitter-collector region acts 
asa short and the capacitor gets discharged. During the period 
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the duration of the input waveform. 


Objective 


“То study the Sweep circuit using a Constant current source. 


Experimental Set Up ; 
Equipments needed 
І. CRO—1 No. 
2. Pulse Generator —] No. 
3. Multimeter—] No. 


| 
4. Power supply 30V/1A—2 ‘Nos. 
Components Tequired 

l. Transistor CIL 531 or quivalent—] No, 
2. Transistor CIL 769 or equivalent... No. 
3. Zener Diode CZ 4.7 Ог equivalent—1 No, 
4. Resistors 4.7 К. ohms 6.8 к. ohms, 10 k. ohms 

10% 1W—1 No, each | 
5. Capacitor 0.1 mfd (Polyster)—1 No. 
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Vex at 10 volts. Connect the multimeter to the emitter of 
Tı and see the amount of current flowing into the circuit with 
power supplies оп. Conn:ct the pulse generator to the base of 
T; and suitably adjust the PRF and the pulse duration. See the 
sweep waveform in a CRO across the capacitor, Vary the PRF 
and pulse duration and repeat the experiment. 


Review Questions 
]. On what does the sweep speed depend? | 
2. What is the amplitude of the input to trigger 7? 
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_ UNIJUNCTION TRANSISTOR 


Theory 
2 The unijunction transistor 
characteristic which comes in 
oscillator, timing circuits, 
shown in Fig. 48.1, An osc 
few components as comp. 
operation of the UJT can 
model of the device as 
voltage applied to the emit 


possesses a negative resistance 
: handy in the construction of 
trigger circuits, etc. A typical UJT is 
illator using UJT requires only very 
ared to conventional circuits. The 
be explained using the diode resistor 
shown in Fig, 48.2. When there is no 
ter, the voltage at the cathode end 


by 
Fig. 48.1 Fig. 48.2 


of the emitter base diode.is determined by Ру, Py, and Rp, 
potential divider circuits, At this point the diode will be reverse 
biased and only very small emitter current will flow. When a 
voltage V,, is applied to the emitter circuit, still the diode will 
remain in the reverse biased condition until V,, exceeds the vole 
age at the other end of the diode by about 0.6 volt. When the 
junction gets forward biased, a substantial current begins to flow 
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from the emitter to the base No. 1. This current lowers the 
value of the resistance of the silicon bar shown as Рр. The volt- 
age Vee must drop toa lower value as determined by the voltage 
division along the silicon bar. This means that the emitter 
current increases as the emitter voltage reduces and this pheno- 
menon causes a negative resistance region in the volt-ampere 
characteristics of the diode. 


Objective 

To study the operation of UJT and use it as a relaxation 
oscillator. à 
Experimental Set Up | 


Equipments needed 

]. Power supply 30V/1A—1 No: 

2. УТУМ-- No: 

3. Microammeter—1 No. 

4. CRO—1 No. 
Components required 
UJT 2N 2647 or equivalent—l No. 
Resistor 22 ohms 10% 4 W—1 No. 
Resistor 270 ohms 10% 4 W—1 No. 
Resistor 100 К. ohms 10% 1 W—1 No. 
Potentiometer (linear) 100 k. оһтаз--1 No. 
Capacitor (polyster) 0.05 mfd—1 No. 
Capacitor (electrolytic) 10 mfd—1 No. 


молек 


Procedure ; x 
Measure the interbase resistor of the UJT with an ohmmeter. 


That is by connecting the ohmmeter bètween the base 1 and base 
2 of the device. Rig UP 


the circuit as shown in Fig. 48.3. The 
270. ы 


+ 
v 
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emitter leakage current 7, is measured with the base 1 open 
circuit condition, The leakagc current of any good UJT should ! 
be very small and hence high Sensitivity currentmeter should 

be used. 


.4, The peak point 
current /5, emitter peak point Voltage V, and the approximate 
value of the valley voltage V, are measured in the following 
“manner. Increase the value of Ri slowly so that the UJT fires and 
oscillates, When the firing ta 
the emitter current, The meximum Value of the emitter current 
should be read in the meter Just before the firing of UJT. This 
із called the peak poin à 
Current measured was after the firing or not, following observa- 
tions are to be Carefully done. When the firing’ takes place, the 


Oscillation of the Voltage 


minimum values of У, These readings correspond to У, and V. 
respectively. 


Figure 48.5 is a typical circuit of a relaxation oscillator using 
UST. This circuit works as a Sawtooth waveform generator and 
also is used as a triggering Circuit. Wire the circuit as shown in 
the figure and observe the waveform in the CRO at the emitter 


- the waveform is determined by the time constant of the resis- 


of resistor and capacitor can be varied and the frequency of the 
waveform mav be noted, 


2 
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R3 


(«ТА t 
d )2N2647 Vbb „15“ 


Fig. 48.5 


Review Questions 


1, 


2. Determine the frequency an 


3. Explain t 


Compare the parameters like the interbase resistance and 
the peak point emitter current with the values given in the 


data sheet. ғ 
d the amplitude of the sawtooth 


output of the relaxation oscillator theoretically and com- 
pare the values with the practical readings. 
he operation of the relaxation oscillator circuit 


used in the experiment. 
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FIELD EFFECT TRANSISTOR 


"Theory 


A field effect transistor is Constructed from a bar of n огр 
type silicon materia]. Unlike the Conventional transistor the FET 
has only one type of carrier. 

no leakage Current due to 0 
P-channel device is shown in 
a current flows along the Jen 


is applied between the sou 


GATE A 
Fig. 49.1 (a) 


3 DRAIN 


SOURCE 
Fig. 49.1 (b) 
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formed by the gate material defused into the bar. As the magni- 
tude of the reverse bias gate-source voltage is increased, the 
region depleted of charge is increased, and the channel becomes 
thinner. One of the advantages of the FET is that the gate- 
source’ junction is usually reverse biased resulting in a very 
small current flowing from control. voltage. Hence a very high 
input impedance comparable to that of a vacuum tube pentode 


is realisable. 


Objective р 

To study the circuit prope 
common-source drain characteris 
this as a low frequency voltage amplifier. 


rlies of FET, to obtain a set of $ 
tics of the device and to use 


Experimental Set Up 
Equipments needed 
1. Power supply 30V/1A—2 Nos. 
2. CRO—1 No. 
3. Audio oscillator—1 Хо. 
4: 0.5 ma 4-с milliammeter—1 Хо. 


Components required 
FET BFW 10 or equivalent—1 No. 


1. 

2. Resistor 4.7 К. ohms 10% 2 W--1 No. 

4. Resistor 27 k. ohms 10% 4 W—1 No. 

4. Resistor 220 k. ohms 10% 4 W—1 No. 

5. Resistor 1 m. ohm 10% 4 W—1 No. 

6. Potentiometer 10 К. ohms (linear)—-1 Мо. 
17. Potentiometer 100 К. ohms (linear) —1 No. 

8. Capacitor (electrolytic) 10 mfd/15V--1 No. 

Procedure 


Wire the circuit as given in Fig. 49.2. Observe the polarities 
of the power source before switching on. Set the d-c drain- 
source voltage Vas to 415 volts. Determine the value of the gate 
to source voltage, Vos: that cuts off the transistor by adjusting 
- the bias potentiometer 100 К. ohms. Measure the value of Vgs. 
Set the gate to source voltage at 1 volt and vary Vas from 0 to 
15V and obtain the corresponding drain current, 14 for each 
setting of Va. Tabulate these readings. The Va, could be adjusted 
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in steps of 1 volt. Repeat this experiment keeping V,, potential 
at —0.6, —0.3, 0 and +0.5 volt and tabulate. Draw the graph 
Connecting Va, and J, fora fixed setting of V,,. 

Rewire the circuit as shown in Fig. 49.3. This is a common 


0.10mA 


. Fig. 49,3 

447 i biased amplifier. Record the quiescent values of Vs, 
eee Witch on the Oscillator with the voltage of the oscil- 
ator say, 0.5 volt and frequency to 500 Hz and observe the 
Output waveform in the CRO, Vary the input frequency, keeping 
the voltage Constant at the input, and Observe the output wave- 


ur and magnitude in the CRO and compute the voltage 
ain. М 


Review Questions 


l. Draw the family of. Sommon-source volt-ampere characte- 
ristics of the FET from the above experiment. 


2. Determine the transconductance of the device graphically - 
corresponding to V, = 0, 
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3. Theoretically determine the quiescent values of drain 
current and Vz, for the amplifier shown in Fig. 49.2 and 


49.3. : 
4. Draw the circuit of a complete se 
amplifier. 


lf biased p-channel FET 
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TUNNEL DIODE CHARACTERISTICS 


"Theory 


4 

| 

h 
1 2 1 
Fig. 50.1 (a) NA , 


e PEAK 


if(y) 
VALLEY 


Lip | 
"Nd 
Fig. 50.1 (b) | 
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nd again becomes positive as shown in 
Fig. 50.2. If. the quiescent point were to be located at О as in 
the curve then it is obvious that the variational resistance is in the 
negative region. If the О point is located аё. О, then both the 
d-c resistance and the variational resistance are positive. Thus R 
and load resistor Rz would provide a voltage divider. This means 
that for any variation in the output by dv, there has to be a 


change in the input voltage by dE. 


becomes negative а 


Objective 
To study the volt-ampere- characteristics of a tunnel diode. 
Experimental Set Up 
Equipment needed 
1. Power supply 30V/1A—1 No. 
2. Multimeter—1 No. 
Components required 
1. Tunnel diode 1 
2. Resistor 4.7 k. 


М 3712 or equivalent—~1 No. 
ohms 10% 2W—1 No. 


Procedure : 
s shown in Fig, 50.2. Keep the voltage 


47k D 


Rig up the circuit a 


ІМ 3712. 


Fig. 50.2 

volts and note the current flowing 
lage across the diode. Vary the 
10 volts and note the voltage: 
aw the voltampere charac- 


of the power supply to 6 
through the circuit and the vo 
supply voltage from 0 volt to say, 
and current as mentioned above. Dr 


terstics. 


Review Question 0% ( 
Explain the phenomenon of amplification using the tunnel 
diode. 
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IC REGULATOR . 


"Theory 

Voltage regulator Ch 
using the epitaxial proc 
used in the design or 


making the entire Circuit out ofa 


dual-in-line Package with 14 


package comes in handy 


power rating using the chip, S, 


/ regulator are line 
0:02 per cent of y 


Objective 
To make a regulated po 


regulation 0.01 


4 out Tipple rejection 74 
efficient of output Voltage 0 


to the designer to choose the appro- 


is 40 volts a 
limited to 


Өте of the typical features of this 
рет cent of Vou, load regulation 


dB and temperature co- 


002 per cent °C, The maximum input 


nd the maximum output 
37 volts, This chip incor- 


Wer supply using an integrated circuit 
and study the performance. 
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Experimental Set Up 

Equipments needed 

1. Unregulated power supply 40 volts d-cat 1 
Ampere—1 No. 

2. Digital Voltmeter—1 No. 
3, CRO—1 No. 

Components required 
1. Regulator chip IC 723 or equivalent—1 No. 
2. Resistance 5.1, 7.2, 18 К. ohms, JW, +5%—! No. each 


3. Capacitor (Styroflux) 100 pf, 50У--1 No. 


Procedure P 
Rig up the circuit as shown in Fig, 51.1. Take care to see that 


(TOP. VIEW) 
[0 LEADS METAL CAN 
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connections are made to the correct pin number,only. Look for 
the sense of direction for the connection in Fig. 51.2. Connect 


\ 
DUAL IN LINE 
PACKAGE 


: Nc Nc 
SOLD 2 FREQ 
CURRENT 3 I2COMP 
SENSE Em V+ 
-=N g We 
d 5 
TIN =| Vout 
Vigne : 
REF Sy 
5 Елу; 
Ves ES CENE 4 


; raw a current such that the tota! power 
output is less than 800 my by using a rheostat of value, 100 
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Fig. 51.4 
а the chip 723 can be used as а negative 


1. Examine whether : 
voltage regulator (refer Fig. 51.4). 
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2. Connect the regulator chi 


ip for an output voltage of 2 to 7 
to 7 volts (refer Fig. 51.5) 


Fig. 51,5 
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IC COMPARATOR 


Theory 

1 Voltage comparators are widely used in electronic circuits as 
limiters, simply analog to digital convertors pulse, square and 
time delay generators, wide range of voltage controlled oscilla- 


tors, multivibrators, etc. There are many design-committed com- 
ket. Operational amplifiers are ex- | 


parators available іп the mar 
tensively used as comparators as they are available over a wide 
range of operating conditions. Among the many functions per- 
formed by comparators signal squaring and pulse detection are 
Signal squaring is one of the 


frequent applications in circuitry. 
simplest roles for а comparator because it only requires high 


.gain to transform a rounded signal to sharp pulses. There are 
many comparators for varying speed requirements. Integrator 


circuit LM 311 is one such comparator. 


Objective 
To study the characteristics of a comparator as (i) zero cros- 
sing detector and (ii) free running multivibrator. 
Experimental Set Up T 
Equipment needed 
1. Power supply +15 volts 100 ша--! No. 
,2. СЕО-- No. 
Component required 
or LM 311 or equivalent—1 No. 


1. ТС comparat 
2. Resistors 1, 10 and 39 к. ohms ZW, +5% 
—1 No. each. 


aa 
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3. Resistor 20 k. ohms, IW, +5%—2 Nos. 
4. Capacitor (Styroflux) 1200pf, 30 volts—1 No. | 
Procedure 


Zero Crossi 
- Teach 


б ; Bround the input and not the output. 
‘Raise the input voltage to a level of 5 my or more and the out- 
goes to а +. one level. 5 
he circuit shown injFig. 52.2 is the circuit configuration for 
а 100 kHz free running qultivator. Rig up the circuit as shown 
With the values mentioned in the diagram. This Configuration 


00 kHz rate, note the waveform, Vary the 
té the frequency of oscillation, 


BBWC AQ Ss Қызу) 22 1k 5 
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TOP. VIEW 
TOP VIEW (METAL CAN) (DLP) 
Ме Nic 
V+ 
QUT PUT GROUND! Мс 
7 б BALANCE  +INPUT ХЕ 
STROBE 
-INPUT + 
Sue NEM BALANCE y 
Nc Nc 
+INPUT 3 
ANDES WG OUTPUT 
Gate CAPANCE BALANCE 
STROBE 


Fig. 52.3 


Review Question 
What are the other uses to which LM 311 can be put to ? 
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IC TIMER CIRCUIT 


Е circuits are very widely used in industrial and other 
equipments. The invention of timer chip LM 555'is handy 
in designing timer circuits. This chip produces accurate 
time delays which is controlled with two external resistors 
and a capacitor. When a trigger signal is applied, the timing 
cycle gets repeated. The flip-flop inside the chip’ is 
immunising the circuit from any further trigger si 
interrupt the timing cycle a reset gj 
chip is used in monostable Operatio 
using external resistors and ca, 


then set, 
gnals. To 
Bnal is applied. When the 


аре across the capacitor Ci 
Voltage Усс, the comparator inside the 
"Пор, When this happens the capacitor 


and the Output is driven low. The circuit 
“going input signal 


. Since the charge rate 


stly proportional to supply 
паепг of supply. 
Objective 


To use a LM’555 fora delay of 100 m sec. 
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TRIGGER 
ж! 
0.01 pfd 
CONTROL VOLTAGE 


OUTPUT 


Fig. 53.1 
TOP VIEW METALCAN TOP VIER DIP 
d GROUND + [L2 vec 
E DIS CHARGE 
GROUND. TRIGGER 2 DISCHARGE 


i ruft 
ISTHRESHOLO 


(3 CONTROL 


2 
CONTROL 5 
и VOLTAGE 


VOLTAGE 


Fig. 53.2 


Experimental Set Up 
Equipment needed 


1. Power supply 100 ma and 5 V, 100 ma 


0-10 V, 
—1 No. each, 


2. CRO or time interval unit—1 No. 


3. Stopwatch—l No. 
4. Trigger source (pulse generator)—! No. 


Component required ] 4 
i. Timerchip LM 555 or equivalent —1 No. 
1/4W.+5%—! No. 


2. Resistor 1 meg ohm, 
3, Capacitor (polyster) 0,08 and 0-01 mfd—1 No. each. 


OUTPUT 


NTROL 
ce VOLTAGE |797 ма 


. Fig. 53.3 
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Procedure 


Review Question 


15 Convert LM 555 for a stable operation (Refer Fig. 53.3). 
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TTL GATES 
Theory ted circuits are widely 
SUE ; ic integrate : 
Transistor-transistor logic uits available 


used in digi ications. There are many circ 
ot i En i irr for varied uses, The simplest among 
them are the NAND; NOR gates. Realisaor SENAN Ea 
means negation of AND. AND function can yo considered as a 
lamp connected using two switches in series, Unless both the 
Switches are *ON' the lamp does not glow. NAND function is 
the negation of A NAND gate is shown 


5 елен һе TTL circuit have 
schematically in Fig. - 


ND. А two input 
54.1. The inputs to t 


A 
(INPUTS) 


Fig. 54.1 
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known fixed levels. That is signal level is considered “1” if the 
amplitude of the signal is 2.4 volts ór above but below the 
supply voltage Vcc which is 5 volts+ considered as a low level 
input. ; 
Logical decisions are made in digital circuits by logic gates. A 
logic gate isatwo-state logic element whose output is deter- 
mined by its functional type and the immediate condition of its 
inputs. The frequently encountering terms in the logic gates are 


‘Jogic-high’ and ‘logic-low’—logic varying between 2.4 and 5. — 


This state is also called as on state. The ‘logic-low’ is that state 
corresponding to voltage level in the output varying between 
0 to 0,8 volts. This state is also known as off state. The five basic 
types of gates commonly used are NOT, NAND, AND , NOR 
OR. For two inputs A and B, the following truth table dt 
the output conditions. 


"i Inputs Outputs 
ae a PUT hort ад» 
2 A NOT NAND AND NOR OR 
1 1 0 
0 1 е 1 0 ô ) 
uU dr mrt 
0 1 0 1 


*NOT ed i 
gate has only one input and is often called an inverter. 
NAND GATE 


Objective 


To study a sim 
ple №; ate ¢ its i 
output logic relations, AND gate and observe its input and 


Experimental Set Up 


Equipment needed 
1. Power su 
» Свог ND гадоу, 100 ma—1 No, 


3. Digital volt 
meter— 
Component required AEQ 


І. IC SN 7400 or i 
3/04 pin Soles DP No. 


3.52 AI. 
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Procedure 
Many experiments in the logic circuit require different ICS. It 


ái advisable to use an IC socket for plugging in the dual-in-line- 
E dur IC's. Therefore, wire up a 14 pin dual-in-line socket and 
ring out the connections naming 1 to 14 in th 
in the diagram. 1 ОНЕ 
To study the NAND gate performance, plug in SN 7400 to 
the socket. This is a dual-input NAND gate. Refer (о the truth 
table given below, change the level of the inputs and note the 
output levels corresponding tO the inputs and verify truth 


table. 
Inputs Outputs 
АЗ VEB j E 
000 І 
vO 3 
9n : ! 
ils i 9 
In order to facilitate the easy verification of the truth table 
t from the same power 


tial divider arrangemen 
tude, say, 2.5 to 3 volts for state 1 


nt for state «0 


using a poten 
supply feed a У 
and ground the ot 


саре of ampli 
her input poi 


AND GATE 


Objective 
To study 


the operation of AND gate- 


Experimental Set Up 
Equipment needed : 85 above. 
uired : 85 above. 


Component red 


Procedure 

AND is the inverse of NAND. Hence by using two NAND 

e as an inverter and the other as it is an AND gate can 
ig. 54.2. Connect the pins4 and 5 together 
in “27 of the other gate (SN 7400 


gates On 
Refer to F. 
he output P 
Truth table corresponding to the 


be made. 
and to this cO 
has four ? input 
AND gate is iV 


nnect t 
NAND gates). 


en below. 


6 E l 
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B - 
Fig. 54.2 
A в с 
ii 1 1 2 
9 1 0 ў 
1 0 6 
0 0 i 
Verify the truth table by feeding the input levels as explaine 
in the previous experiment. 
INVERTER . 4 
Objective j 
To Study the inverter characteristics, 


. Experimental Set Up j 
Equipment needed заз above. А 
Component required: as above. 


n 
Procedure 

Connect the circi 
Feed a signal and 


uit as'shown in Fig. 54.3. Shunt pins 1 and 2. 
For input of «4 


Observe the Output. The State will be inverted. 
> the Output is «9* and vice versa, 


1 ! а 
INPUT ОРА. 1 
£ OUTPUT i 


Fig. 54,3 
ОК САТЕ 7 


Objective 
To construct an 


‘OR’ gate with NAND gates. 

Experimental Set Up 3 Y 
Equipment needed: as above, | 
Component required: as above. 
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гів. 54.4 


P 

jede e of Boolean algebra, we know up: 
ASB=A48. Figure 54.4 shows the arranoen ry e connecte 
the gates to achieve the above function. corns du i D 8 
shown in-the figures. Feed the signals Anand Bia 3 


truth table. e 
A B у 
(0] 
1 0 
0 1 » 
I 1 
NOR GATE 
оиса f ing NAND gates. 
To study the functioning of NOR gate using 
Experimental Set Up 
Equipment needed: 45 borers 
Component required: 85 above. 
PURUS cor’, Hence add one inverter to the - 
dome DES is shown in. Fig. 54.5. 


‘NOR? is an invers 


D circuit i 
circuit as shown above. The final 


A 


Fig. 54.5 
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Feed the signals and verify the truth table. 


-о-о»ь 
н о о Ф 
ооо - а 


BINARY HALF ADDER USING NAND GATES 
Objective z 
To construct a half adder using NAND gates. 


Experimental Set Up 
Equipment needed 


1. Power supply 5 volts at 100 ma—1 Мо. 


CRO or DVM—1 No 
Component required 


l. SN 7400 or equivalent chip—2 Nos, 


Procedure 
Connect the 

this, plug the IC 

the socket corres 


pins of the SN 7400 as 
9n to the socket and 
Ponding to the ІС as 


Shown in Fig, 54.6. For 
interconnect the pins of 
Shown in Fig. 54,6, 


^:B (CARRY OUT) 
Fig. 54.6 


When A is 1 and B is 0, the output at is 1 апа that at ‘6’ 
is 1 and thus Pulling the output at ‘Il’ to 1, The output from 
the third pin of the IC number 1 is connecte 1 to the invertor 


TTL GATES ЕТІ 


made ош of the pins 1, 2 and 3 of another IC, SN 7400, which 
he above example when the 


forms the carry genera tor. For t 
output at 3 of the first IC 18417 the output of the carry is 0”, 


When both the inputs are ‘1’ the output at 3 of first IC is ‘0’ and 
the output at ‘3’ of the second ІС is 417 thus generating the 
carry. 

A+B 

1+0=1 

0+1=1 

1+1=10 : 
This experiment verifies the binary h 
five NAND gates. For generating the 
adopted in the preceding experiments may 


alf adder using a total of 
«qand ‘0’ the procedure 
be followed. 


D 


Review Questions \ 4 
ТГ. СЕ is the nature of ou‘put for corresponding to inputs 
shown in Fig. 54.7 for a NAND gate? 


^ Дае LUE 


Fig. 54.7 
What is the propagation gany of an AND gate ? 
b. Бу ael inverter in digital circuitry ? 

ud un па circuit using 2m exclusive ‘OR’ and 


inverter. 


wn PF wn 


SS 


A А 

іп GEM a is a most useful piece of equip 

VNLT. for measuring the basic 
quantitie current and resistance oth D nd AC electrical 
ин are often required tO measured. The important. 

Y sensitivity Ты that are required for a i 
good НЕ D'Arsonval galvanometets ow loading 6 ect and 
uracy. Basically 8 "Arsonval £ i anometer'is à DC 
the AC quantity is 


Curr 
еп 
t meter. For measure 
uring circuit. Ai 
There are meters 


Tecti 

will s and fed to the meas 

Which де a DC sensitivity of 2)” ohmsjvolt. Th 

Sensiti ап have higher sensitivity depending 0 on the moving coil 
We vity of the p'Arsonval valvanometer ше in it 

0.1 m may ‘assume the typical sensitivity of ae r 

ieten. FSD. This means | when one volt is applied, the 

k.ch takes 1'ma current. Therefore, the meter sensitivity isl 

RAD When a 5V DC input is given to 

uce a 5 ma current ‘ch is 5 times the FSD. This high 

omete In order to 


Curre; Е 
nt will damage the moving CO! 
me 


епаЪ 
le us to measure the 5 volts using j 
hms has fo dded іп 
9,0 k.ohms resistance 


e 
m r. Similarly for a 50 volts т8082» ] : 
to be added in series (rele ig. 551^ Like this the pc 
е п be increased: These resistors are 


volt 
ltage ranges of the meter 
tary switch. 

Е currents of various 


connected OD ато! 

NEQU of the meter 19 e 
is done by using curi pt-shunts. we want to measure а 
9 ша current through a shunt 


10 ma current we have to divert 
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dc input 


D 


resistance Ry, Connected across the meter (refer Fig. 55.2). 

This means that 9 ma current has to be-detoured through R,,. 

The meter resistance is 100 ohms. The current drop through the 

meter is 0.1 volt. The Voltage. drop. across the Shunt resistor 

should also be equal to this value only. Therefore Е.д--0.1у/ 
9ma=11.11 ohms, has to Бе connected across the meter, 
Similarly ‘the values of shunt resistors can be calculated for 
different Current ranges, These shunt resistors connected across 

the meter which could be selected through an external rotary | 
Switch marked in current range, 


Rsh 


INPUT CURRENT Im k 
Ie 0-1ma 
' Fig. 552 
1 Тһе AC voltage and current are measured after rectifying the 
AC quantity using a rectifier diode. A full wave rectifier is 
commonly used іле rectifier type AC meters. The full Wave 
rectifier is realised by using 4 diodes Connected in the form of 
а bridge (refer Fig. 55,3), current wil] always flow through the 
meter in the direction shown in the Fig. 553 for both the 
Positive and negative halves of the input, A resistance Rs is 
Connected in series as shown jn Fig. 55.3 to limit the current 
within the sensitivity limitations of the meter. When the diode 
is conducting, its forward resistance is Very small and so it „does 
not affect the accuracy of the measurement very much. The 
І 


MULTIME 
METER 197 


i different ranges can Бе readily reckoned Б, 
t a-c voltage in terms of the cquivalent Be 
duces same pon output. The full wave 
the Fig. 55.3 i 

a full-scale range of 0-5V rms, the ae р T АЕ 
the cquivalent of 90 per cent of the value required xs fo. wes 
DC range. (When one volt rms is rectified using a full аА 
fier it produces 1.11 volt DC). For the multimeter dis ORE 
sideration the series resistance is caleuiated using the UB 


mentioncd below. | 
3 Rs 


value of Rs fo 
interpreting inpu 
voltage that pro 
rectifier arrangement shown in 


Fig. 55.3 


= 0,9 Xx Erms/Re = 


л, equivalent/ Re 
апа R,=4.5 k.ohms. 
for the series resistor R, is the total resis- 
ance of the meter and the forward 
forwards resistance of each 
at this low Current range 
of the meter, is 100 ohms, 
the effective value of &,— 
ies of R, for other.ranges 
tated. What is true for AC current measure- 
measurement is also true for AC 


can also 

ments vis-a-Vis D 

voltage measurements vis-a-vis DC voltage measurement. The 
ity in this case would һе 4.5 k.ohms/volt rms--0.9 


AC sensitivi 
к. ohm/volt. Bv connecting 4 shunting resistor across the meter, 
proyed. This in turn 


the linearity of the rectifier action is im 
ensitivity 10 0:6 k. ohm/volt or Jess. When the same 


reduces the 5 х 
meter is used for AC and DA potentials, a series blocking 


Im average рс 

j 1ma-0.9x 5/Re 

The value required 

tance Re less the resist 
resistance of 2 diodes. Since the 

diode can be of the order of 1 k.ohm 


of rectification. The series resistance 
into consideration. 


Similarly the valu 
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capacitor is used to isolate the AC measuring circuit from the 
DC potential. This is done inside the equipment. 


for this is not merely the Présence of the rectifier. Hence there 
18 nO restriction in the use of any type of rectifier in the bridge 


The basic meter movement is used for measuring dur 2) 
combining a Voltage source and suitable resistive Peace ths 
Shown in Fig, 55.4. The unknown resistance is connec:ed ac 


ot 
TTERY 
TESTLEADS 2 BA 
pr ee] 
Pd x 
Fig. 55.4 


in the circuit for a constant voltage. The potentiometer A, when 
adjusted gives necessary corrections for 
battery voltage. Jf We use 0-1 ma meter as t 


f :5V/I ma 1,5 k. ohms. The meter 
resistance is assumed to Бе 100 ohms. Therefore the variable 
resistor should be kept at 1:4 k.ohm 


ibrated as zero ohm). If we connect 
6, say, 13.5 К. ohms across X-X 
Oth of the full scale, When the 
Sured is above this value, the 


the resolution and accuracy of 
the measurements decrease, So for higher value of resistance 


precautions mentione: 


- and the initia 
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e of 6 volts or above can be 


measurement a source voltag 
t using a selector switch. 


incorporated in the meter circui 


DC Voltage Measurement 
The function swi:ch position is kept in DC volts, Adjust the 


meter movement trimmer if necessary to make the needle to 
read exactly zero. This is called the mecbanical zero adjustment. 
Keeping the range at the appropriate (start from the highest 
range in case of any doubt about the approximate value of .the 
measured variable) level make the measurement. lf. necessary 
change the level position to have a large deflection in the meter. 
When voltages of high amplitude are measured, proper care 
should be taken to see that the prods are correctly connected 
and the tips of the same are 'clean. Measurement of higher 
voltage in a lower scale is certain to damage the meter movement 


unless the meter is protected for such exigencies. 


AC Voltage Measurement 
Keep the function switch position in AC volts. Taking all the 
d above, make the measurement. Since the 
ry low, the meter cannot 


itations of the meter is ve 
be used for measuring higher frequency voltages 
1 еуеп in the audio frequency range. 


frequency lim 
be accurately 
which may fal 


[АС current position as the 
bout the selection of the 
with the load and. make ` 


Current Measurement 
Keep the function-switch at the DC 


case may be. Taking the precautions 8 
range scale, connect the meter in series 


the measurements. 


Resistance Measurement 


‘Keep the function switch in ohms and the multiplier in X1 


position. Short the prods: Adjust the potentiometer provided in 
the meter for ‘ohms zero adjustment’, to read zero in the meter. 
After this adjustment, remove the short and keep the prods 
across resistor for measurement. Select the appropriate multi- 
plier factors for measuring different values of resistance. The 
zero adjustment has to be carried out just before starting the 


resistance measurement for ensuring accuracy of the reading. 
The reason being that, the battery gets drained as time passes 
1 voltage is not maintained for a period of time. 


S6 


VACUUM TUBE VOLT METER 


Electronic voltmeter using vacuum tubes or transistors isa 
much improved instrument as compared to an ordinary multi- 
meter, discussed in the Previous pages, Because of the amplifying 
action of the clectronic voltmeter, it is capable of providing 
higher sensitivity and input impedance so that it draws a mini- 

' mum amount of current from the signal source. In addition, it 
is able to provide highly sensitive measurements for a wide range 
of signals. Vacuum tubes and transistors are used to makc 
electronic volt-ohm meter. The vacuum tube being the first to 
come in the hierarchy of electronic device development, VTVM 
is older to TVM. Duc to the high Voltage input naturc of the 
VTVM it commands wider applications in the | 
late, many devices like FET are developed in the semiconductor 
technology giving ‘all the salient features like high input 
impedance and CMR as in the case of a vacuum tube. The later 
developments in TVM make use of devices like FET for good. 

There are different types of VTVM circuits employed, Starting 

from elementary single tube circuit, we һауе a wide variety of 
УТУМ circuits employing many desirable features. The Fig. 56.1 
shows a two-tube configuration of a VTVM. This circuit is used 
to measure both DC and AC voltages and resistance. In the circuit 
shown, the meter movement is connected across the plates of thc 
tubes. The DC potential to be measured is applied to the grid of. 
y, through a voltage „divider network (refer Fig. 56.2). When 
there is no voltage applied to the grid of V,, the potentials at ШЕ 
plates of V, and Vs should be equal and so the meter should jm 
zero. But in practice, the tubes cannot be identical in a 


aboratory. Of : 
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Ж ZERO AD J/ 


INPUT -- 
/ 


Fig, 56.1 
Rc INPUT TO 


DC PROBE 


= 


Kig. 56:2 

and also due to aging, the characteristics vary resulting 
t in the voltages which сап be nullified using the 
t potentiometer shown in Fig. 56.1. A positive 
plied to the grid of V, unbalances the circuit by 
te current in V and decreasing that іп V». The 
pointer deflects and this is calibrated in terms 
of volts. Here, the sensitivity of the measurement is doubled due 
to the differential connection. Using proper values for the voltage 
divider. the ranges can be suitably increased. ў 


respects 
in an imbalance 
zero adjustmen 
DC voltage 15 ар 
increasing the pla 
meter movement 
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i he sum of the 

гі resistance of the VTVM is equal to t s 
j авази тер and the series resistances used in the range 
АРА uator. The DC input resistance remains constant for all the 
Dc lage ranges. The input impedance of a general purpose 


VIVMas AC voltage ranges is much lower than on the DC . 


ranges. This is due. to the fact that AC voltages are rectified 
before applying to the measuring circuit, Fig. 56,3 shows a 


c Rc INPUT TO 
*——]| 
AC INP GRID 


Fig. 56.3 


typical rectifier circuit. The shunting effect of the diode rectifier 
appreciably reduces the input impedance of the AC voltmeter, 
Also to be noted that the AC input impedance varies vith 
Teference to' various ranges., The input to the AC rectifier is 
Coupled through the capacitor to block any d 
point of measurement, 

Separate AC and output 
both the requirements, 


Generally AC scales are 


Calibrated in rms values only. This 
Ims measurements are fairly Accurate for sinusoidal voltages 
whose frequencies fall within t 


; the tms scales give only 
existence of t 
сар many утур, 


S are incorporated With a peak 


b p 
E MENO MC а eee eee 
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to peak function and special peak- to peak 
ment of nonsinusoidal drum д o E 
RF probes are widely used in VTVMs to extend the fre ud 

range of the instrument. A solid state or vacuum tube ic 
the probe rectifies the RF signal. The design of the probe M 
the components used ensure а useful measurement ‘well beyond 
the AC frequency limitation of the instrument. When RF probe is 
used, function switch is put in the DC range. The rectified RF 
voltage then directly- goes to the DC input of the instrument. 
These readings are relative rather than absolute measurement of 


RF voltage. 

The DC voltage range is extended using hi i 
probes. This probe contains а specially EM CHRIS НЕ 
resistor which extends the DC voltage ranges. For DEBET x 
probe with a factor of 100 as multiplier extends a 50 volt DC to 
5000 volt DC. The value of the probe resistor say, R, required to 
multiply the range of the meter by a factor S is calculated from 


the following equations. 
R- Re+(S— 1) Rin 
where R, is resistance in ohms of high voltage multiplier. ~ 
R, is resistance in ohms of isolating resistor in the DC probe. 
Rin is input resistance of the VTVM> 

\ For a value of 5--100, R,— 1 meg ohm and Rin =10 meg 
ohm, R,=991 mes ohms. 

t is also possible in VTVMs. The 


The decibel measuremen 
decibel measurement isa logarithmic unit. 
decibel, dB=10 log Pe ло lop 2 
А БЕБІ ЕЕ, 
vels being compared, E», E, аге audio 


he respective loads Ro, Ri. 


where P2/P; is the 


ratio of audio power le 


voltages appearing across t 
When R:= Кі, dB=20 log Е.Е 
When А521: dB=20 log Ep/E, + 10 log Ry Ro. 
The decibel scale is generally imbedded on the VTVM's DC 


and AC scales. 

The measuremen! in the VTVM is accomplished 
by placing an unknown resistance in series with an internal 
voltage source and now divider network used for ohms range 
only. The voltage drop across the unknown resistor is then 
applied to the grid of the tube which measures the DC voltage 
drop. The simplified circuit sbown in the Fig. 56.4. When the . 


t of resistance 
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INPUT TO GRID 


tl 


UNKNOWN ! 
RESISTANCES 


Fig. 56.4 | > 

unknown resistor is connected between the ohms and ground 
terminals a current from the voltage source flows. through this 
resistor which is Connected in series with Ro, and Го» and that 
Portion of the resistance divider selected by the Position of the 
Tange switch. The voltage drop across the unknown resistor 
Caused by the current flow from the voltage source supplied to 
the’ tube which causes a meter deflection. This deflection is 
calibrated in terms of resistance. 


Applications 
Switch on th 


€ equipment, Allo 
for Warm up 


wa period of about 30 minutes 
ircuit. If there is a calibration 
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to read full scale. Switch back to the highest sensitivity position 
and with input shorted adjust .for zero reading if necessary, by 
the zero adjustment potentiometer. Now tbe equipment is ready 
for use. A positive DC voltage is to be measured, short the 
negative and the ground points in the input terminals and feed 
the signal across the positive terminal and the ground with the 
sensitivity position at the lowest (at the highest range for DC). 
Then, if necessary, lower the range position of the switch to get 
maximum deflection without exceeding the full scale. For 
negative voltage measurement, short the positive and ground - 
terminals and feed the inpüt signal between the negative and 
ground terminals and repeat all the procedures mentioned above. 
Put the function switch in the AC voltage position. For ac 
voltage measurements, use the AC probe provided for thi s pur- 
pose. Don’t forget to ground the clip provided in the AC probe. 
Keep the tip of the probe at the point where voltage is 10 be 
measured. Observing the range precautions mentioned earlier, 
make the measurements. — - 
Keep the function switch in t 
resistance. Selecting а proper range, 
the DC terminals. 
the range precautions me 


he ohms position to measure 
connect the resistor across 


Note the deflection in the meter, observing all 


ntioned earlier. 
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TRANSISTOR VOLTMETER 


} i ; boost 
The development of semiconductor devices has given a 
to the techno] 
able transistors has ; 


Purposes a TYM 


Can be done 
with a TVM also, The Fg 


input amplifier used in the TVM 
gives Very good input impeda i 
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Fig. 57-1 


vides the appropriate changes at the emitter 
sed by the meter which is calibrated in terms 
otentiometer provided іп the 


condition and pro 
points. That is sen 


of voltage. The calibration р 
circuit enable the user to adjust the meter position. A suitable 


attenuator circuit caters to the: needs of different levels of input 


voltage. At higher voltages, proper insulation precautions are 


taken. 
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TRANSISTOR TESTER 


И A ; e due to: (i) 
failures Very often noticed in transistors ar 


The ки 
са. tween ап} 
Shorting of any two junctions, (ii) open circuiting be 


1 ick check to 
two junctions, and Gii) leakage and so on. A quic 
*lermine wheth 


an ohm 
er the given transistor is good or pad; eet 
meter check сап be Tesorted to. The ohm meter has a. PS 
Source Which ig alteady built-in. There is a series limiting нЕ 
Sthe transistor under test. The fo! ХАН 

2. 58.1 gives as а quick method of chec! xing 
nected in the common emitter configuration. 


Witch, reading on the meter is first obtained 


tance Which Protect: 
Circuit Shown in Fj 
the transistor con 

У Means of the S 


OHMS 


Hi 10k 1 
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under the condition of zero bias on "which i 

to the ground through a 220 kilo Ree dicc dU. 
current reading is called the Lo reading. When the due 
in the Hi position, the base is biased by allowing th MEE 
current to flow through the 10 kilo ohms au сорав 
new value of the collector current called the Hi саан kis 
tained. The net change in the current between the E pera 
readings then gives the comparative DC current RM. 


factor. 
Transistor testers and analysers are far more reliable instru 


ments for testing transistor i 
should be able to S pet Row M i S 
gain in the common emitter configuration which v 9) eee 
hy, for AC gain and hre for DC gain and (ii) the es E 
current Гсво- The second measurement is MUCH 
nificant one in the agin Е 
transistor. It is comparatively difficult to Sm eed ae i 
extreme temperature sensitiveness of this parameter. This para- 
meter is pretty high in a germanium device as compared to a 
tests are the basis for most of the 


silicon device. These two 
commercial type testers. More expensive tests of transistor para- 
meter’ are carried out in a laboratory type transistor testers 


called curve tracers- 

The proliferation o! 
the introduction of di 
devices. The measurem 


have been a very difficult tas 
being carried out to bring oüt suitable test eq 


measurements. 
The incircuit 5 
et. One such mode! 
ment mea 
both incircuit a 


base leakage 
regarded as the most sig 


f transistor development has given rise to 
ent kinds bipolar, unipolar and MOS 


fferi 
ent of all- parameters of such. devices 


kand continuous development are 
uipment for the 


emiconductor testers are also available in the 

1 is marketed by Mjs. AEL Model No. 

sures the parameters of diodes, transis- 
tors and FETs, nd out of circuit. 

А curve tracer is. by and large, an ideal equipment for observing 
the various transistor characteristic curves displayed on a СКТ. 
The curve tracer type o. 576 marketed by M/s. TEKTRO- 

- NICS is a very handy equipment. Various controls and adapters 
for measuring а wide range of transistors including FETs, SCRs, 


mark 
259. This equip 
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USTs, etc., are available. Steps of 
form is selected by the correspondi. 
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UNIVERSAL IMPEDANCE BRIDGE 


Measurement of resistance, capacitance and inductance is a 
very often. required activity ia an electronics laboratory. Uni- 
versal impedance bridge isa versatile equipment to carry out 
all the abové measurements. There are many makes of universal 
impedance bridge in the market which can measure resistance, 
capacitance and inductance with high accuracy over a wide 
range. Resistance measurement is done using а Wheatstone's 
bridge. Inductance and capacitance are generally measured by 
comparison with a standard capacitor in R-C ratio arm 


ners 2 
circuits. 


EMITTER 
FOLLOWER 


DETECTOR 
AMPLIFIER 


RECTIFIER 


Balance 
METER 


POWER 
SUPPLY 
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A block diagram of a universal impedance bridge i. given Ins 
Fig. 59.5 An internal oscillator, of, say, 1 kHz frequency 18 
used for exciting the bridge for AC measurements, Provision 15 
generally given to excite the bridge with an external oscillator 
also. The oscillator excites the bridge. The output from the 
bridge ^is fed to the detector amplifier through an emitter 
follower circuit, The amplifier output is rectified using shunt 


- diode and then fed to the metér, This enables the meter to 


. accuracy of mea 


“ 


move always to one direction for all АС measurements. Circuit 
nuances are provided to protect the meter from higher voltages by 


resistance measurement ees 
the bridge with DC ee T 
ment multipliers are provided. 


ge. The multiplier ranges are pro- 
ps. Any Variation in the value of the multi- 
er duc to aging or temperature will affect the 
surements. 
To measure Tesistance the 
throug 


plier resistor eith 


following steps have to be gone 
Switch on the equipment. Allow for a warm up period of 
15 minutes." Choose the excitation for DC or AC measurements, 
+48 required. Connect the resistor across the terminal provided 


in the equipment. If the approximate value .of the resistor is 
known then choose 


ing of the sensitivity control. Read off the value from the multi- 
plier and the fine Control settings, 


To measure capacitance, k 


t= 


60 E ; 


SIGNAL GENERATOR 


е Ғы : 

A NS Раши consists of an oscillator, а power 

between the fet SEA Ear en DC 
OMS id the power anjplifier to cive isolatio| 

and to prevent variation of oscillator frequency асс load aus 

toll ot E diagram of a typical si gnal generator is shown | 

in Fig. 60.1. Lhe signal generator will usually have provision for 


both internal and external modulations. 


Еу TEPNA VODU- 


POWER 


BUFFER * 
AMPLIFIER 5 EA 
VOTPUT 
INTERNAL POWER 
MODULATOR} SUPPLY 
Fig. 60.1 . 
1 be either ар RC type oscillator or ап 
Тһе tun- 


A master oscillator wil 
LC type oscillator for lower OF hi 
ing element in the oscillator is generally a 


Jn microwave frequency ranges а klystron 
used as an oscillator. 

In the RF frequency ranges shielding plays а 
role in preserving the stability of the oscillator and to reduce 
stray coupling ete. The frequency variation in the oscillator which 
is caused due to load variations can be reduced using à buffer 
amplifier and using а regulated power supply in the circuit. 


gher frequency ranges- 
yariable capacitance. 


with variable cav ity is 


very important 
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_ Another source of frequency instability is temperature changes. 
The ambient temperature of the environment should be kept 
reasonably constant for good performance of the equipment. 
Some time should be given to normalise the various parameters 
before using the equipment. Otherwise there could be fluctua- 
tions in the output at the signal source. 

Another important block in the instrument is the attenuator. А 
typical опе is as shown in Fig. 60.2. A good attenuator is a very 
important link in the signal generator. There are different kinds 
of frequency compensated attenuators. Each step in the attenuator 
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CATHODE RAY OSCILLOSCOPE 


Cathode ray oscilloscope is a highly versatile instrument which 
adorns an electronics laboratory. When properly used a CRO is 
capable of measuring all electrical quantities and functions, A 
CRO is mostly used for displaying waveforms. Comparison of 
phases of two signals can be done by using a double beam CRO. 
Some. stray or transient phenomenon could be recorded in a 
storage oscilloscope for detailed analysis at a later period. Delay 
line provisions available in certain type .of oscilloscopes enable 
the circuit designer to study the behaviour of the waveform after 
deliberately introduced delay time. The triggering facilities avail- 
able in CROs enable one to trigger the given waveform at any 
desired point of the waveform for detailed analysis. The high 
sensitivity nature of the amplifier circuit used in the CRO can be 
-gainfully used in finding stray pick-up, narrow spikes and other 
transient phenomenon in a given circuit. These informations are 
very vital to the circuit designer to perfect the system. Thus a 
CRO is an unmatched companion, guide and philosopher to the 
circuit designer. 

The mainstay of a CRO is a CRT. The electron deflection in 
the CRT will go on to investigate the fundamental types of wave- 
form patterns obtainable with an oscilloscope. The—patterns 
formed on the CRO screen result basically from the effect pro- 
duced when a narrow beam of electrons is shot from the ‘electron 
gun’ assembly and impinges on the phosphorescent coating of 
the tube. The spot of light focussed on the screen due to the 
emission of electron is defiected horizontally and vertically by 
applying voltages to the respective plates that makes possible the 
waveform patterns on the screen. The arrangement of the electron 
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р RA. 3 Fig; 614. 
gun assembly for electrostatic dcflection is shown in REO 
The electron gun consists of a heater with its directly 
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cathode, the control grid, the Ist a 
grid is cylindrical in sha 
cathode. The electrons е 
divergent beam. The 


nd 2nd anodes. The control 
pe with small aperture ip line with the 
merge out of the aperture as д slightly 


iking up the beam 


anode. The contro] by which the clectron 
Cus the electron beam exactly on the screen 
Ometer Providing variable voltage to the 1st 
- When this control is turned to 


Spot is properly focussed it 
Ше СВТ screen: 
Plates calied verticaj deflection 


ow sharp trace oi 
of deflecting 
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and horizontal deflection plates. With no potential applied to the- 
deflecting plates the beam passes through both the sets оҒ plates 
and appears as a bright spot at the centre of the screen, If a 
positive potential is applied on the top one of the vertical plates, 
the beam will move upward by an amount depending upon the 
potential applied. This is because the streain of electrons are 
attracted by electrostatic field applied to the plate. If a negative 
yoltage is applied to the same top plate, the beam will move 
downward due to electron repulsion. The procedure, in a general 
purpose CRO is to ground one of cach of the pairs of deflecting 
plates so that the deflection voltages are applied to only one 
plate in each pair. An AC voltage is applied to the vertical deflec- 
tion plate causes the spot to move up and down alternately. 


When а 50 Hz. AC signal is applied, it causes 50 up and down 


movements in a second but the visual indication will be a straight 
line. This is due to what is called the phenomenon of the per- 
sistence of vision characteristics of the human eye, The flicker 
will be noticeable at frequency less than 20 Hz. 

Horizontal deflection is produced in precisely the same way on · 
application of a voltage between one of the horizontal plates and 
ground (refer Fig. 61.2). When a voltage is applied to the hori- 


SWEEP OSR 
OUTPUT 


Fig. 61.2 


zontal plate it produces a horizontal base, sometimes called the 
X-axis and is made to represent. time. The vertical or Y-axis 
deflection represents the applied signal voltage and its peak to 
peak amplitude will tħus represent the maximum positive and 
negative/swings of the applied signal. Since the result produced 


bythe application of any deflection voltage is instantanéous 
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response, we have in the CRT, the possibility of a visual 
indication. 


CRO can be represented by a block schematic diagram as 
Shown in Fig. 61.3. The block consists of a vertical attenua- 


VERTICAL 
ATTENUATOR 
HORIZONTAL 
БЛЕМА ЕТ SWEEP GEN 
4 АТ TENUAIOR| 
уа <i 
== SYN.SELECTOR 


= 


VineuT 


VERTICAL HORIZONTAL| 


AMP. 


TOCRT 


Low 
VOLTAGE 
SUPPLY 


HIGH 


VOLTAGE 


Fig. 61.3 


tor to attenuate the input voltage Suitable to feed the vertical s 
amplifier. Тһе output of i 
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amplifier. A carefully designed frequency compensated attenuator 
network is a prerequisite of any good oscilloscope design. Since 
the range of frequency of the input is fairly wide for the oscillo- 
Scope, utmost care should be taken in the sélection of compo- 
nents or else there will be drastic change in the input impedance. 
А balanced vertical attenuator circuit is shown in Fig. 61.4. 


C5 а TO INPUT OF 
AMP 


€ 


Vertical Amplifier , 

The vertical amplifier determines the sensitivity and frequency 
response characteristics of the oscilloscope. Тһе gain-band- 
width product is a constant factor for a given amplifier. The 
sensitivity of the amplifier can be improved only at the cost of 
frequency response and vice yersa. So, the sensitivity of the 
oscilloscope is always specified as so many mv or volts required 
per cm of vertical deflection at midband frequency and up to, 
say, —3dB point. For example if an oscilloscope specifies 
lOmv rms as its sensitivity em of vertical deflection, for а fre- 
quency of бау. 1 MHz it means that the amplifier may response 
to this extreme frequency of 1 MHz with an amplitude of 7 mv 
instead of the midband value 10 mv rms. А typical amplifier 
circuit is shown in Fig. 61.5. The input impedance of the 
vertical amplifier is generally mentioned as, say, 1 meg ohm 
shunted by around 70 pF for shielded cable input. The input 
impedance specification is dependent on the frequency. For 


example at very high frequencies of the order of 500 MHz, input 


impedance is shown as 50 ohms. 


Synchronisation Amplifier - E 5, 
To view the waveform in tlie oscilloscope without any jitter- 


ingellect,a portion of the input voltage is taken, amplified 
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Sy 
Fig. 61.5 


_and injected into the Sweep generator to lock the Sweep genera- 
tor output to the input fr. 


€quency. This gives а good waveform 
‘stability. ; 
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resulting pattern and (i) when switched out off the sweep 
position it accept a signal applied to.the X-input point and 
amplifies it to the desired amount to provide a necessary 
amount of voltage to the horizontal deflection plates. А typical 
circuit of a horizontal amplifier is given in Fig. 61.6. 


Power Supply 
The positive low voltage supply which varies upto 300 volts 
^ provides necessary powerto the various circuits shown in the 
. block diagram (refer Fig. 61.3). Some of the voltages which 
provide power to sensitive circuits are regulated. The ripple 
content is kept to a low value to ensure waveform clarity. Noise 
is also kept tò a minimum through proper shielding. The high 
voltages required for the CRT are generated by a doubler action 
of diodes and capacitors, (refer Fig. 61.7). High voltage supply 


provides a few ma currents only. 
VERTICAL 


is CRT. 
R4 


GND 
| а TEE HORIZONTAL 


-1500 V 


2 Ас x 
4 Fig. 61.7 
~ 
Applications 
Familiarisation of vatious controls. 
Focus: This control is adjusted 


in conjunction with the 
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controls marked as intensity and astigmatism іп or 


sharpest trace оп the Screen. The intensity control is adjusted 
for- desired brightness of the trace. Excessive brightness will 
burn the phosphorescent Screen of the CRT. The astigmatism 


control is used in conjunction with the above two controls 
for the sharpest trace. 


Vertical range or multiplier: This 
attenuator which selects 5 
the vertical input circuit. 
Vertical gain contro: 
nuously variable over 
When this control js 


der to get the 


This isa potentiometer which is conti- 


Horizontal gain 


vides a continuous control of the amplitude of the signal fed 
to the horizontal amplifier, 
Horizontal and Vertical centring: This potentiometric control 


provides the left or right and up or down positioning of the 
trace. 


is а ‘Potentiometer which 
operates in conjunction With coarse frequency Selector. which 
enables to select апу swee etween any two steps of the 
ntiometer is kept in the ‘cal 
On the CRT for any input 
actly as marked against the 


y displayed 
mplifier is ех 
Sweep selector 
lector: This ig a Spécial type of switch which 
any mode of Synchronisation like internal, 
Tonisation, When the switch is put in the 
external and fed an external signal, the oscillator gets synchro- 


nised with the external input, When it is put in the ‘line’ the 
Sweep is ‘synchronised to the line frequency. 


Synchronisation amplitude: This is a potentiometer which 
varies the level of synchronisation signal which is coupled to the 


Coarse setting of the 

Synchronisation se 
enables one to Sclect 
external or line synch 


control: This is a potentiometer which pro- . 


CATHODE RAY OSCILLOSCOPE 223 


sweep oscillator. This control is set at the lowest level at "which 
it will lock the signal. 

Trigger +-ve and —yc: This selects the triggering of the 
waveform at its positive going or negative going half of the 
input depending upon ifs position. 

Determination of phase relationships: An oscilloscope can be 
used to find ош the approximate phase relation between two 
signals fed to the horizontal and vertical amplifier circuits of 
the CRO through certain resulting patterns known as Lissajous 
Figures. The test set up is as shown in the Fig. 61.8. The. sweep 
position is put in the external position in the CRO. 
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Fig. 61.8 


probe is an important part of the CRO 
many reasons why an ordinary pair 
he purpose of measurements. The 
ced between the wire and any 
in measuring high frequencies. 
with the length of the wire 

and reduces the input impedances also at higher frequen- 
cies, Another problem is the so-called antenna effect. That 


is unshielded | scope Jead would act as ап antenna and 
picks up any electromagnetic interference from a radio station 
ога TV broadcasting stations which are close by. For these 
reasons the probe is connected to the vertical input through a 


coaxial cable. The coaxial cable does not pick up EMI signals. 
Because of the definiteness of the capacitance which is so much 
per foot or metre, à suitable length can be chosen to bypass 
in frequencies above а required range. A probe circuit designed 
to minimise the effect of the capacitance is shown in Fig. 61.9. 


The coaxial picks up а voltage from the voltage divider R,— Re. 


The resistances can be chosen to provide a suitable attenuation 


Oscilloscope probes: ^ 
for measurements, There are 
of wires carrot be used for t 
stray capacitance which is produ 
metal object can work havoc 
The stray capacitance vanes 
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ТІР Ry CoAXIAL 


Fig. 61.9 
“ratio, say, 1 or 10. The probe is marked *10X Atten’, then it 


means that the Scope display is to be multiplied by 10 for 
absolute measurement. Тһе variable capacitance Сі is used to 
minimise the effect of capacitance Са апа С, which are produced 
by the coaxial cable and the scope input. - The C, and С; capa- 
- citances being parallel to the input, they try to bypass the high 
frequency signals to the ground. This will cause the roundness 


of the corners on displayed square waves. The variable capa- 


citance C added in the circuit comcs in series with the parallel 


combination of С, and C; resulting in the overall reduction in 
"the value Of the capacitance, This reduction in the effective 
Capacitance reduces the Signal leakage to the ground. Since 


С. is provided as a trimmer Capacitance, its value can be adjust- 
ed by the Scope operator un 


h [ til the scope displays a square хуауе- 
form with good fidelity, 

- Demod probe: A demodulator probe is us 
modulation Waveforms, The upper frequency li 
w 100 kHz. The RF 
ns of MHz can be obse 
hown Ш Fig; 6110 is a typical half 
Basically the circuit is a broad band 
Iteri f 2 
misreial demos OUR €ring on the output. Common com- 


ed to. examine 
mit of an ordi- 
Waveforms of a 
ryed by using a 
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ох Fig. 61.10 
Special purpose probes: There are many kinds of probes for 
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any conceivable applications. The probe іп Fig. 61.11 is an 
example of frequency sensitive probe. There are high voltage 
probes used to measure very high voltages of the order of few 
tens of kilo volts on a CRT directly. There аге special types of 
current probes to measure alternating or direct current in a 


fiers. These minimise the effects of EMI pick up and reduces 
the loading effect on the circuit under test. 


CoAXIAI 


Fig. 61.11 


” 


circuit without opening the circuit. Besides the passive probes, 
there are many kinds of active probes which use built.in ampli- > 
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DIGITAL FREQUENCY COUNTER 


developments in the digital circuit technology and the 
С TEN OE simple display systems such as nixies, alpha 
Mie tubes, LEDs, etc., has advanced the scope and 
n у 


of various kinds of electronic equipment in the measurement of 


gate, the NAND gate 
Speed capabilities Play a vital role in 
the process of digital с, i 


ounting. A few logical elements used in 
the circuit are as Біуеп below. 
RTL = Resistor Transistor Logic 
DTL = Diode Transistor Logic 
ECL = Emitter Coupled Logic 


m 


d f gate desi icular advan- 
tages. The RTL and DTL fun. 5181 has particular 


аге economica] types. The ECL 


Tange ' 
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form features higher switching speeds. While TTL represents = 
widely used type combines the advantages for its flexibility, for its 
compatibility with DTL and other types. In addition to the basic 
logic elements, there are other components, which are of equal | 
importance, like comparators, clocks, adders, shift resistors and 
memory elements. Many of the logic elements are the products . 
of the techno!ogical revo'ution in the digital electronics known 
as the median scale integration (MSI). This technology. com- 
bines as many as-ten functions in a small compact chip. 

The process of counting the frequency is basically a process of 
counting pu'ses. The input waveform is shaped and sharp pulses 
are generated using a Schmitt trigger, differenciator and rectifier 
circuits. Figure 62.1 explains the various process involved in 
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i ampli trigger block consist, of ага 
. The amplifier and 1 block с f 
AM d and а Schmitt trigger circuit TES 
shaping circuitry. The amplifier 15 generally а hig pe 
impedance device. тһе amplifier gain and frequency resp 
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ivi he 
play an important rolc m cage une AS E. S is 
ency limitations of the cou É UM 
ОИЕ 
output, Schmitt trigger sicapa ulity als a a fani 
imitati the counter, The square wave ou n 
тарона positive med а dia Ais they are 
bo CEDAT. 3 ; i 
VACUA pope a Mu of INS я 
dS ( і rally а crystal type 
The ие еар. MS its stability The output of the 
UA through a trigger source and then to timing the 
T aoe consist of decade counters available as integrated 
chips. А selection range is provided externally to select different 
gate timings to suit the Ineasurement constraints. The output of 
the timing decades is sent through the teclocking circuit to 
enable a start stop bistable Which in turn Opens and closes the 
gate for -the incoming signals from the amplifier-trigger 
circuit. 

The gate allows a number of pulses for 
the gate is made open through the external time base selector 
switch. For example, the time base selector switch is in one 
second position, then the gate is kept ореп fora period of one 
second and the pulses allowed to Pass through are also counted 
directly as frequency up to 4 resolution of one Hz. If the switch 
(go UL N RE е the -pulses allowed to pass 


p is naturally teg times less than tbat for the previous 
case. The out 5 to be read as decade. 


E put display, thetefore, ha 
multiple, ing of the switch, the 


the duration for which 


Depending u 
isplays k Я 
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Provisions are also made to drive the counter with external 
gating signal. A self check is provided in the counter to see 
whether the counter is working or not without giving an external 
signal, For this the output of the internal oscillator is fed to 
the input through a switch. When the switch is put in the self 
check mode this signal from the internal oscillator goes 
through the amplifier stage and other circuits to display the 


frequency. 
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4 / 


: js very, often required to be done in 
Voltage aie a aap ee The accuracy and the resolution 
any electronic Fates vary from requirement to requirement. In 
of the SEC IPAE. the accuracy and resolution of measure- 
high precision very important role. A digital voltmeter is а very 
ment play P sit for accurate and high resolution measure- 
suitable eM еі quantity is displayed as digits and so the 
cQ А ading out the value, unlike in the analog meters, is 
М S haie! High input impedance is also possible in a digital | 
НАЗ This will go а long way in meeting the stringent 
measurement requirements of Some of the critical circuits. 
digital voltmeter has under- 
gone many desirable changes іп (һе recent past, thanks to 
the development of electronic de 


three main Principles аз listed 
below. 
1. Comparison Principle, using Successive approximation 
method, x 
=f Counting principle using a volta; 


Be to frequency method. 
Integrating principle, using a ram 


p tO accomplish a 
Voltage to time method. 


, There is a fourth method called 
18 а modification Of the third met 
method hag an advantage in that 
lessen the ‘Possible errors in the vo 


‘dual slope’ method which 
hod mentioned above, This 
it can cancel the noise and 
ltage to time measurement. 
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In this article the principle of double integration method only is 
dealt with. 

Dual-slope integration technique is simple and has the desir- 
able characteristics of stability and accuracy. А block diagram 
of this is shown in Fig. 63.1 (a). The figure shown in 63.1 (b) 
reveals the charging and discharging slopes of the signal. The 
block diagram of Fig. 63.1 (a) is the one dealing with a dual 
slope A-D converter consisting of five basic blocks. Тһе 
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i i input to the 
conversion is made by connecting the La dum T ad 
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еу is the reference voltage and tis the variable discharge time. 
This variable discharge time is digitised and fed through the 
counting circuit as in the frequency counter. The display of this 
is shown as voltage. 

Modification on this basic voltmeter can be done to measure 
AC volt,current, and resistances. Since the basic function is 
that of measuring a DC voltage, AC is rectified using a rectifier 
circuit before feeding to the basic integrator. When the current 
is to be measured suitable shunts and precision series resistances 
are added to convert the current into proportional voltage. For 
ohms conversion a constant current source 15 actuated to get a 
voltage drop across the unknown resistance before feeding to 
the integrator circuit. A block diagram of a complete DVM is 
given in Fig. 63.2. 
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POWER SUPPLY 


Most electronic devic: 


to 
: e 

es and circuits require DC voltag 
Operate. In a labor. 


the 
atory d-c source can be generated : Бор ying 
Different circuits require va wer. 
n in the requirements of po 


ў laboratory, ;n the 
A sertes regulated power Supply is broadly illustrated in t 
block diagram shown in Fig. 64 


:L. The AC transformer suitably 


Vour 
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steps down the voltage to the required designed value and the 
rectifier circuit converts this into DC voltage. The smoothing 
circuit reduces the ripple content to a great extent. This output 
is fed to a series regulator which regulates the voltage. In order 
to assist the series regulator to function, auxiliary circuits are 
required. The series regulator is driven by the Darlington 
combination known as the driver. The driver in turn is control- 
led by the error detecting amplifier. The amplifier has ‘a ready 
reference voltage and a sampling of the output to enable it to 
detect the error and rectify it to have perfect regulation, A 
power supply having a capacity of 0-30 V, 1A will have the 
following desideration and components. 


Transformer 
From the AC mains of 230 V, 50 Hz the voltage is stepped 


down to about 32V rms, capable of giving a current slightly in 
excess of 1 amp. This transformer may have in addition to this 
main secondary, some other tappings also to enable amplifier 
and allied circuits to function in consonance with the main 


voltage. 


Rectifier ; 
The secondary voltages are rectified using appropriate range 


of rectifiers connected in the bridge configuration or centre 
tapped full wave configuration. 


Smoothing Circuit 
The rectified output will contain lot of AC elements. Depend- 


ing upon the current rating and the smoothness required a 
simple capacitance smoothing circuit, capacitance and resistance \ 
smoothing circuit ог capacitance and choke smoothing circuit is 


selected. 


Series Element - 4 
Series element is a very important element in the chain of 


power supply circuit. This element handles entire power. А 
suitable rating for this element is а Very essential factor. Good 
silicon transistors are NOW available in the market and the same 
car be used with suitable heat sinks. For example the maximum 
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in the example. 


2 : ending 
T transistor base Tequires some drive E dad 
Put (load) current. This current will be a 
] 


Я С ington 
d current, A transistor connected in Darling 
combination wij] give 


5 a change in the collector yore 
h is passed on to the Series element through the апте 
Circuit. This win ; He лесін; ‘tHe defectih the output ani 
he actual Voltage, d 
es are Benera]ly Provided with short circuit an 
n circuit. Thi 


: * -AS enables the protection ur 
Ply against Overloadin ircuiting for s o 
durations. When = в and short circuiting 


; T supplies are Tequired to be used to 
Nergise loads 


(2 
at remote Points, remote Sensing terminals have 
to be used, 


y of 
power for the power supply 


í 
^ 


| 


APPENDIX—AÀ. 


I. Diodes 
Type PIV Ig- 10 Pr T; РЕ 
( 
No. volts Mo, volts! 
BY 127 1250. 12А  1.2A SW 200 0.6 
CD 31 20 50ma 50та 150mw 150 0.8 
PIV = Peak inverse voltage. 

Ip = Forward DC current. 

Io = Average rectified current. 

Pr = Power dissipation. 

Т, = Junction temperature. 

Vp = Forward voltage drop. 
II. Zener Diodes 
Type No. Vz Izm Pz T 

dt LL A Ee E С. 

cz 5 2 25 200 100 
CZ 6.2 6.2 25 200 150 
С2 12 12 25 200 150 


Vz = Normal zener voltage (Volts). 

Izm = Maximum zener current (ma). 
P, = Zener dissipation at 25°C ambient (mw) 
T, = Maximum junction temperature (°C) 


Ill. Tunnel Diode 1N3712 ; 


Peak current Ip = Sma. 


I 
Ratio of the peak current to the valley current = Sgr 


V 
Forward voltage peak point Vp — 65 mv. 1 


Total capacitance (Junction capacitance) Су = 10 pico farads. 


Resistive'cut off frequency f = 2.3 GHz. 
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Silicon Controlled Rectifier SN 101 


Forward voltage drop at Ig = 1 Amp, 
Reverse blocking current at PIV, Tri = 
Reverse blocking current at PIV, T, = 85° C, Ip, = 1 та. 
Holding current Tg = 10 ma. 

Gate trigger current ср = 
Reverse gate voltage Ver 
PIV = 100 volts, 


Vp = 1.5 volts. 
100 micro amperes. 


1 ma (typical). 
= 1 volt. 


‘ures шошо pa = idy 
(әзойше озотш) 1u931no OSES] 10129Д02) = omogo. 
"(zHTAD Kouonboaj uongsueIg, = Jf. 
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Il. Unijunction Transistor 2N2647 


Power dissipation Pp — 300 mw. 


Interbase resistance Raa (min) = 4.7 kilo ohms. 
Intrinsic standoff ratio x, = 0.68. 
Minimum valley current I 
Maximum peak point curri 
Emitter Saturation voltage 


Vimin = 8 ma. 

ent рах — 2 micro amperes. 

at I; = 50 ma, Vag = 10 volts, 
Y EBitsar) = 2 volts. 


HI.. Field Effect Transist 
Drain- 


or BEW10 
Source voltage Уру =30 volts. ~ 
ma. 


Drain current Ip = 20 
Power dissipation Pp = 300 mw. 


Junction temperature P, — 200°C. à 
CUETI RE x z 5 


азса NO е 
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APPENDIX—C 


Integrated Circuit 


1. 


Operaiional Amplifier 741C 

Supply voltage = 2:18 volts. 

Differential input (max) = +13 volts. 
Operating temperature — 0 to 70°C. 
Output voltage swing (max) — 2-13 volts. 
Output short circuit current — 25 ma. 
Common mode rejection ratio — 20 db. 
Slew rate — 0.5 volt/micro second. 

Power consumption — 45 mw. 


Voltage regulator LM 723 

Pulse voltage from +V to —V (50 Msec) 

Continuous voltage from +V to — V 

Input/Output voltage differential 

Differential input voltage 

Voltage between non-inverting input 
and —V 

Current from Va 

Current from V?ggg 

Internal power dissipation (metal can) 

Storage temperature. 

Operating temperature range (723 C) 

Line regulation (typical) 

Load regulation (typical) 

Ripple rejection for frequencies from 
50Hz to 10 KHz 

Average temperature coefficient of output 
voltage 

Input voltage range 

Output voltage range 


Comparator LM 311 
Total supply voltage 
Output to negative supply voltage 
Ground to negative supply voltage 


50 volts. 

40 volts. 

40 volts. « 
=5 volts. 


+8 volts. 

0.25 ma. 

15 ma. 

800 ma. 

—65°C tø 450°C. 
0°C to 70°C 
0.01% of Моц. 
0.0295 of Vout- 


74 db. 


0.002% /°C. 
40 volts. 
37 volts. 


36 volts. 
40 volts. 
30 volts. 
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Differential input voltage 
Operating temperature 


Input offset voltage 
Input offset current 
Input bias current 
Voltage gain, 

Response time 

Input offsct voltage 
Input offset current 
Saturation voltage 
Positive supply current 
Megative supply current 


Timer LM 555 
Supply voltage 

Power dissipation 
Operating temperature 
Drift with lemperature 
Threshold voltage. 


Trigger voltage for Ved 5, 


Reset voltage 
Rise time of Output 
Fall time of Output 


NAND Gate SN 7400 


Input 
1-2 
4-5 


7 ground 
10-9- 


Supply Voltage 
igh leve] Output Current 


APPENDIX 
-F30 volts. 
0*C to 70°C 
Туріса! Maximum Unit. 
2.0 7.5 mv. 
6.0 3 1510. па. 
100.0 250 па. 
200 —— V/ma, 
200 ENT ns, 
FAT : 10 mv, 
T 70 na, 
0.23 0.40 y 
5.1 7.5 ma. 
4.1 5.0 m 


+18 volts max 

0 mw, 
0% to 70%С, 
50 Ppm/°C, 
0.667 x Vee typical 
1.67 Volts typical. 
0.7 Volts typical 
100 ns 


100 ns; 


Output 


Output 
3 
6 
8 


H^ Pin 14 is connected to 


Power supply positive 
апі 7 is connected to 


Power supply negative 
and ground, 
5 volts typical, 


400 micro amperes 
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Low level output current 
Operating temperature 
Ун High Level input voltage 


Vip Low level input voltage 
VoH High level output voltage 


West: Low eret output voltage 


I, Input current at maximum input 
voltage i 
Ty High level input current 


Шу, Low level input current 
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0.16 ma. 

0°C to 70°C i 
2 Volts minimum. 

0.8 maximum. 

2.4 minimum, 3.4 volts typical 


0.2 typical, 0.4 maximum. 


1 ma, max. 
40 micro amp. max. 


—1.6 ma. max. 
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The use of inductive reasoning and ae rium Бр р 
the most important means of understanding nature. sp | 


new insights. The basic tool, therefore, in engineeri 
practice, besides mathematical analysis and engineer 
judgement is laboratory or field experiments. Labo tc 
institution must aim at training and educating a st den 
utilising the experimental method for solving problem: 

А Laboratory Course in Electronics is a very valuable 
bution as there are not many good books on Labo at ry 
practice. 

The book gives a comprehensive laboratory course. : 
tains 54 kinds of carefully chosen circuits of high ‘pl Bot Lic 
and professional importance. Besides giving a proced ire 
conducting experiments, some insight into the basic princ 


and design consideration is given to coordinate p 
approach and theory. S 


equipment used in a re 

This book should satisfy the need of engineering. coll 
Polytechnics and other technical institutions which 
Offering courses in electronics and electrical eng 
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